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Borrelia burgdorferi in a newborn despite oral
penicillin for Lyme borreliosis during pregnancy

KLAUS WERER, MD, HANS-JOURGEN BRATZKE, MD, UWE NEUBERT, MD, BETTINA WILSKE, MD, AND

PAUL HARRISON DURAY, MD

Lyme borreliosis (LB) is a spirochetosis which,
like syphilis, develops in three stages: erythema mi-
grans, constitutional symptoms and/or lymphocytoma
{Stage 1); carditis, early neurologic involvement and/
or musculoskeletal symptoms (Stage 2); and arthritis,
acrodermatitis chronica atrophicans andfor chronic
encephalitis as part of Stage 3."* The causative agent
of LB is Borrelia burgdorferi?

Spirochetes have been identified morphologically in
spleen, renal tubules and bone marrow in a newborn
having died of cardiac abnormalities’ and in heart,
liver, adrenal gland and brain of a stillborn.® In addi-
tion, B. burgdorferi has been cultured from fetal liver.
The mothers of these infants did not receive antimi-
crabial therapy during pregnancy.

We now demonstrate B. burgdorferi in the brain
and liver of a newborn whose mother had been treated
with oral penicillin for LB during the first trimester
of prognancy.

CASE REPORT

In the course of a prospective study carried out since
1978, wo encountered a 37-year-old woman who was
hitten hy several ticks near Wiirzburg, Germany, in
Inte July, 1984, during the second month of her first
pregnancy, Two weeks later she observed an expand-
ing itchy akin leaion on the left lower leg around one
of the tick bites. An erythema migrans about 8 ¢cm in
dinmeter was noted when she attended the private
office of one of us (KW) on August 13, 1984, According
10 & queationnaire there were no associated symptoms
hefore, during and up to 2 years after the first visit. A
mild form of erythema migrans disease, the Buropean
form of LB,%" was diagnosed. The woman received 1
milli-IU propicillin (an oral penicillin similar in its
action to phenoxymethylpenicillin) 3 times daily for &
week. On August 20 the erythema migrans had dis-
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appeared. IgM and 1gG antibody titers against B
burgdorferi were negative (<1:16) in an indirect im-
munofluorescence test on August 13 and October 23,
1984 (method as in Reference 8); however, reexami-
nation of the sera when other tests were available a
few years later yielded a significant rise of antibody
titers against 8. burgdorferi in the IgM enzyme-linked
immunosorbent assay (ELISA) from <6.25 units/ml
(normal range, up to 25 units/ml) on August 13 to
37.7 units/ml on October 23 and in the indirect hem-
agglutination test from 1:80 (negative) to 1:640 (posi-
tive) wherean the IgG ELISA remained negative
(methods as in References 9 and 10). Follow-up re-
vealed that the woman had delivered a normal ap-
pearing child on March 10, 1885, after an uneventful
pregnancy. Delivery was aided by vacuum extraction.
Twenty-three hours after birth the child suddenly
developed difficulty in breathing and succumbed
within half an hour. A resuscitaticn attempt was un-
successful,

Postmortem exemination showed a well-propor-
tioned newborn with a weight of 3400 g and a length
of 51 em. On the right side of the scalp was a large
swollen and hemorrhagic area, but there was no skull
fracture. The brain showed no bleeding or rupture
other than a small infratentorial hemorthage. In the
tentorium and falx cerebei, a few small hemorrhages
were discovered, Microscopically there were cerebral
and cerebellar edemn and congestion. No significant
inflammation was found in any organ including heart,
liver, brain and kidney (placenta and spleen were nol
available). An immunohistologic examination of cer-
ebral tissue and matrix of the brain for the common
leukocyte antigen yielded negative rosults {courtesy of
Dr. W. Permanetter, Department of Pathology, Uni-
versity of Munich). A small perivenous hemorrhage
with minor aggregates of leukocytes was detected in
the pons. The lungs showed extreme congestion, mi-
croscopic edema and & amall emount of amniotic Muid
without inflammatory signs. The cardiovascular sys-
tem showed no malformations. The death of the new-
born was probahly due to a respiratory fnilure as a
consequence of perinatal brain damage. Modified
Dieterle' or modified Warthin-Starry'? silver tains
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applied to paraffin aections of all available organs of
the infant showed a few spirochetes strongly resem-
bling B. burgdorferi in the brain (Fig. 1) and liver (Fig.
2). With an avidin-biotin method utilizing three
chromogen substrates (diaminobenzidine and alkaline
phosphatase chromogena | and I11), B. burgdorferi was
identified in rare paraffin sections of the brain when
the monoclonal antibody H 5332 directed against
outer surface protein of this organiam (kindly supplied
by Dr. A. G, Barbour, University of Texas, San An-
tonio; Fig. 3) was used,

On December 6, 1986, the mother had negative,
indirect hemagglutination (1:160), 1gG and 1gM (147

units/ml) ELISA and indirect immunofluorescence
teats (IgM and 1gG type antibodies) and a negative
Treponoma pallidium hemegglutination. She deliverrd
a second child on February 24, 1986, alter an unevent

ful pregnancy. Serologic examination of this henlthi
infant al the age of 11 months yielded negative indirect
hemagglutination and immunaofluorescence tests g\l
and IgG type antibodies) and a negative IghM and Iz
ELISA.

DISCUSSION

We have found B burgdarfers in humnn nevnatal
brain and liver although the mother hid heen teeated
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#ith an orally administered penicillin for LB during
sarly pregnancy.

The morphology of the spirochetes as seen by silver
atain was consistent with our previous experience with
B. burgdorferi in tissue sections.*"'* Application of
an immunohistochemical method allowed us to iden-
Lify the spirochetes as B. burgdorferi.

The fact that B. burgdorferi can exist within human
hrain {Reference 5 snd our case) might be important
for the discussion of the pathogenesis of the recently
recognized encephalitis of tertiary LB. This late type
of encephalitis has thus far been based only on clinical
wnd serologic evidence.'™" Interestingly, B. burgdor-
‘eri has recently been isolated from brain of Syrian
hamnters.'*

In our case and in two other casea of congenital
LB** there was no significant inflammation in any
prgan examined. In erythema migrans, 8 hallmark of
LB,'*? the presence of B. burgdorferi is associated
with an accumulation of inflammatory cells.'*"* How-
rver, 6 of 7 experimentally infected hamsters showed
10 significant inflammation in any major organ sys-
em hesides lymphoid hyperplasia in the spleen, al-
hough B. burgdorferi could be isolated from spleen,
xidney and eye of all animals.'” The reason for the
ack of inflammation remains open to speculation.

Orally administered penicillin sufficient to clear the
erythema migrans of the mother was apparently not
curative for our child. There have been several reports
describing more severe later manifestations such as
meningitis, arthritis or earditia in patients having
recoived arnl penicillin for early discase.'™ ™ In the

Fia. 3 8. burgderferi is seon In the middle of a section of the brain. Immunostaln with monoclonal anti-outer surface peratein waing

first of these reporta’ the ensuing meningitis has been
treated successfully with high doses of parenteral pen-
icillin, now the favored antibiotic treatment for neu-
rologic involvement.™

We conclude that orally administered penicillin for
Lyme borreliosis during pregnancy does not seem to
be sufficient to prevent infection of the child. Thus
we now tentatively recommend intravenous penicillin,
& milli-IU four timea daily for 10 1o 14 days in pregnant
women with LB, In patients allergic to penicillin,
erythromycin, 500 mg four times daily, might be an
alternative bul experience with this regimen is
limited" and a dosage of 250 mg four times daily has
not given satisfactory results,'"
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Gestational Lyme Borreliosis

Implications for the Fetus

Alan B. MacDonald, MD*

Fetal death, malformation, or retarded developm

fea_red potential consequences of intrauterine infecl:ioz?tsg::oﬂc‘:s:;(ﬁ;
rcl:ve Lyme borreliosis (LB) in pregnancy have been circumstantially
inked to adverse pregnancy outcomes.>-279 The majority of women
l-‘owevlo;'-r. appear to have normal infants in spite of the documentation of

yme borreliosis durlnﬁ their pregnancies. Epidemiologic studies have
attempted to estimate the risk that LB may pose to the fetus. This article
will review the epidemiologic evidence ancr will add the perspectives of
the serologist and pathologist. LB in pregnancy is twice the diagnostic
problem for the physician, because two patients are simultaneously at
risk for tissue injury. The complex spectrum of clinical manifestations of
LB in the mother is complementary to an equally complex array of signs
and symptoms of prenatal LB in the fetus and infant. ¢

EPIDEMIOLOGY STUDIES

A 9-year retrospective study of 19 cases of clinically activ
gisease In pregnant women was completed in 1986 in ayjoinl Selr-;{:::
F;:;esn e.(",‘.enters for Disease Control and the Yale University School
z edicine.® “Only cases in which the outcome of pregnancy was not
lgown were enrolled in the study.” In the same time period (1975 to
: l85). more than 700 patients with Lyme disease were evaluated at the
ale University School of Medicine. It is uncertain why the patients who
:’verelentered into the prospective study did not include all women who
eveloped Lyme disease while they were pregnant, irrespective of the
outcome of their pregnancy. Erythema migrans, the pathognomonic cu-
taneous lesion of LB was identified in 17 women, Two women without
EM were included in the study. These patients presented with facial

palsy and arthritis (without serologic evi i
ol st il gic evidence) and with arthritis and

* Attending Pathologist, Southampton Hospital, Southampton, New York
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One fetal death at 20 weeks gestation occurred in a woman with
erythema migrans in the sixth week of her Kregnancy followed by menin-
gitis in the seventh week, and arthritis in the sixteenth week. An autopsy
of the fetus disclosed no congenital malformations, no inflammatory in-
filtrates in fetal tissues, and no evidence of spirochetes by culture or
histologle methods. A second infant developed cortical blindness at 8
months of age. His mother had erythema migrans in week 27 of preg-
nancy and was treated with oral penicillin for 10 days. The infant is now 3
years old and has persistent learning disability due to cortical blindness,
Three additional adverse outcomes in this cohort included one case each
of prematurity with hyperbilirubinemia without kernicterus, syndactyly
of the second and third toes, and self-limited hyperbilirubinemia with a
concurrent generalized petechial and vesicular rash in a full-term infant.

The epidemiologist’s summation observations included the follow-
ing: (1) one second-trimester abortion was not expected to occur by
chance in a group of 19 pregnancies and therefore was an important’
finding; (2) a case of cortical blindness and developmental delay could
not be linked to maternal infection; (3) no two adverse outcomes were
similar and therefore a link between Lyme disease and adverse fetal
outcome could not be proven; and (4) the frequency of adverse outcomes
prompted a consensus recommendation that immediate penicillin ther-
apy be instituted for pregnant women who develop Lyme disease.

SEROLOGY STUDIES

The CDC-Yale Study of Lyme disease in pregnancy did not have
serology data for each of the patients. Patients were diagnosed with
Lyme disease based on the erythema migrans lesion. Seroconversion is
expected in only 40 to 60 per cent of patients after the EM lesion is
identified. Examination of umbilical cord blood specimens from five
clinically normal infants showed no evidence of detectable antibodies to
BB, The authors concluded, based on the seronegative status of the five
infants, that “‘there was no evidence of occult infection.” (A single nega-
tive serologic result from umbilical cord blood certainly does not exclude
LB, especially in light of the recent documentation of a seronegative
state in certain patients with chronic disease® and in light of the observa-
tions of Stokes in prenatal syphilis. A sixth infant's umbilical cord blood
specimen was positive for antibodies to BB, but 7 months later the infant
was seronegative. The authors did not indicate whether this infant's
antibodies were of the IgM class (indicating intrauterine infection) and
did not state whether they believed that this infant had an occult infec-
tion which might have reverted to a seronegative state as a result of
antibiotic therapy. '

Williams and colleagues’! conducted a prospective study of new-
born infants to determine whether clinical and serologic differences
could be detected between babies whose mothers had resided in an
endemic area for LB versus those whose mothers resided in a nonen-
demic area for LB. In 255 infant cord blood specimens from an endemic
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area, 10.2 per cent had some detectable antibody to BB and in 166 lrom a
nonendemic area 2.4 per cent showed detectable antiboclies to BB in
umbilical cord blood. Major congenital malformations were not signifi-
cantly different between the two groups, bhut low birth weight and neo-
natal jaundice were more often observed in babies in the endemic area.
None of the observed parameters were statistically different between
infants in the two groups.

A conspicuous absence of fetal deaths or miscarriages in the Wil-
liams patient study group is an inevitable consequence of the selection
process in this study, Only live born infants were included. The opportu-
nity to observe congenital anomalies associated with miscarriages, still-
birth, or perinatal infant death was not permitted due to the design of the
study. Therefore, the author’s conclusion that no association can he
supported between gestational LB and congenital malformation should
be a highly qualified statement with multiple disclaimers.

PATHOLOCY STUDIES

Schlesinger et al” proved in their 1985 report that BB could be
vertically transmitted to the fetus. Spirochetal fragments were identified
by silver impregnation techniques in autopsy fetal spleen, kidney, and
bone marrow. The immediate cause of neanatal death at 39 hours after
delivery was cardiac failure secondary to the hypoplastic left heart com-
plexofanomalies. Although the Schlesinger report stated that BB was not
found in the fetal myocardium, MacDonald subsequently succecded in
demonstrating BB in the myocardium from the Schlcsingzer case using an
immunohistochemical technique (Fig. 1). MacDonald*s reported four
additional cases of maternal fetal transmission of BB with cardine anama-
lies in three of the fetuses. Spirochetes were seen on darkfield examina-
tion of fetal livers in all cases and histopathology studies confirmed that
spirochetes were present in various fetal and placenta tissues in all cases.
Weber and colleagues® described transplacental transmission of BB fol-
lowed by neonatal infant death in a case from Germany. Spirochetes
were found in the brain and liver at autopsy despite the fact that the
mother had taken penicillin promptly after the erythema migrans lesion
appeared in the second trimester of her pregnancy. Lavoie and col-
leagues® reportcdla fulll-tFrm ne}:mal:;l dea!ll due to aortic thrombosis in
which BB was cultured from the infant’s brain. Spirochetes were not .
identified in fetal tissues by histologic methods. Table 1 abstracts various cenct:slu(;sol* m':;ﬁ'nﬁi’fﬁiﬁff{'ﬁ"bffrﬂ:ffﬁsﬁ'r'.lfff.?;d:.“r'fa'n15.‘1*'n'fﬁ'a::fﬂi':OIT,Z'I'.','I.T
parameters from these autopsy cases. immunofluorescence, 1000X magnification, 7

ANALYSIS—HISTOPATHOLOGY STUDIES OF

GESTATIONAL LB with ordinary microscopic techniques, namely hematoxylin and cosin

stained sections, fail to provide clues that infection has reached the fetus

Autopsy evidence for gestational LB establish that spirochetes are in because none of the autopsies to date has shown inflammation it the
fetal or Elacental tissue. Such cases show that serological evidence is tissues which contained BB, In each of the previously pul)lis‘lmd lt xlms :
often lacking when maternal blood is tested for antibodies to BB immoci- strong index of suspicion was the sole cause for thrr.inlric;m‘ and l';"d.ll;\.-l

ately after the delivery ol a living or dead fetus, Routine tissue studies tive medieal investigation specifically directed toward the subithe e linieal




1
GestaTionaL Lyme BonnevLiosis 66

Table 1. Clinical Parameters from Autopsy Cases

CARDIAC
MATERNAL TIsSSUE TISSUE PETAL

CITATION EM LESION SIROLOGY  INFLAMMATION  SHINOGHETE  ANOMALY

- +

Schlesinger + - : ¥ U;,CD'I

+ + -

oo g - & - + +ASD!

Case 3 = = z P dew
— L —

Case 4 v e = i 5

Weber + —1 = * g

Lavole s -

* IFA titer of 1/128 is not significant by 1989 CDC criteria for case definition of Lyme
bo"ﬂ:::;l Lyme serology In 1985 Is negative by IFA and ELISA; repcit testing on frozen
years later were positive.
seru;nlgw““: Iieﬁ henpl:“ complex of malformations.
| Ventriculoseptal defect of the atrioventricular type,
* Atrial septal defect of the ostium primum type.
1 Coarctation of the aorta; infantile type.

thologic evidence of LB and its spirochetal agent BB. Pa-
:i:?\c':z'?: :lill;;?(i:e are required if the histopathologist is to succeed in
visualizing BB with oil immersion magnification, There are many ote}:\-
tial pitfalls and there are many opportunities to fail when looking for the
spirochete.

LEVELS OF PROOF OF ACTIVE LYME BORRELIOSIS

rspectives—epidemiology, serology, and histopathology
-—og':‘rr ?\Zr?:one:rgem vie\l;s of the potential impact of LB on humarl
pregnancy. Nonconvergence tends to interfere with clear vision ]:mf
clear thought. The seroFoglsl's tools for antibody detection have t:lch Im-
cal, biologic, and epistemologic shortcomings. False positive and fa se
negative results are menacing problems that perplex the diagnostk}:‘ia]ni
If False results are to be feared, it is the false negative result which holds
the greatest peril for the patient, Under the best of clrcum's.tancelzs. a.}
noted in the CDC report of Lyme disease in pregnancy, reshu ta 0
serological tests for Lyme disease are often negative during t ef ;st
several weeks of infection.”® From a biologic perspective, most o dt he
fatal cases of LB in pregnancy were reactive either in titers in the bor eé-
line region or were completely nonreactive in serologic tests. The tend-
ency toward seronegativity in pregnancy makes maternal serology a I'essl
satisfactory discriminator of maternal infection and useless as a praci:lca
tool to predict the actual state of the fetus (unless the patient and %lysl(i
cian are willing to accept the hazard of direct sampling of fetal bloo
while the fetus is still in utero). Erythema migrans is a pathognomonl:c
tool which is exploited by the epidemiologists to diagnose active early
Lyme borreliosis.
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It is estimated that one half of patients with LB never develop the
erythema migrans lesion, Furthermore, erythema migrans in the mother
does not predict whether the infection will remain localized to the skin or
whether the infection may have already entered the bloodstream and
gose athreat to the health of the fetus. There is no placental protection or

arrier that protects the fetus from the spirochete once the microbe has
entered the maternal bloodstream, Therefore, if we seek the truth, we

must seek the spirochete directly by pathologic study of available tissues
from the products of conception.

TWO PATIENTS SIMULTANEOUSLY AT RISK: A DOCTOR'S
DIAGNOSTIC DILEMMA

LB in the pregnant patient simultaneously involves two patients, the
mother and her fetus, The indirect nature ofythe diagnostic process re-
garding the presence of disease, its activity, its potential severity, and its
response of appropriate antibiotic theraﬁy are uncertain for the molher,

and far more difficult for the fetus. Theoretical possibilities are pre-
sented in Table 2.

A CONCEPTUAL MODEL OF PRENATAL SYPHILIS

The clinical diversity of LB is a formidable diagnostic challenge to
the physician which is matched by the labyrinthine complexity of prena-
tal syphilis, Three quintessential pnradlEms from the literature of con-
genital syphilis appeared in the textboo by Stokes in 1945

1. “Prenatal syphilis is a collection of rare events of interest to the connois-
seur of the elegant art of medical investigative diagnosis,”

2. "“The dingnosis of syphilis in a dead fetus is just as difficult as the diagnosis
of syphilis in a living fetus.”

3. “Never ‘always,’ Never ‘never,'"

Additional wisdom from 400 years of cumulative observation of syphilis
with special emphasis on the situation of pregnancy is abstracted in Table

Table 2. Potential Situations of Cestational Lyme Borreliosis

MOTHER FETUS CASE NUMBER
Clinical disease No disense 14 '
Subelinical disense Active disease 4-12
Clinical disease Clinical disease 1

Effects of Antiblotic Therapy: Mother Versus Fetus

Antibiotic cure Antibiotic cure 12, 14
Failure Failure -—t
Cure Failure Weber, 13
Fallure Cure —

* No published cases for these categories.
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Table 3.  Vignettes from Clinical Observation of Prenatal Syphilis

“Seronegative results are absolutely untrustworthy.”

"“The exact date of maternal or fatal infection is oKen Impossible to determine.”
""Asymptomatic seronegative mothers may bear syphilitic children."

""Prenatal syphilis may only appear as a tardive manifestation in the child after birth,"
“Repeated unsuccesstul ancy (miscarriage or stillbirth) has & high value as a
diagnostic clue to maternal syphilis.”

3. The diversn{ of prenatal syphilis at the clinical level is illustrated
below and the laboratory diversity of prenatal syphilis is presented in
Table 4 (note that approximately 20 per cent ofy infants who acquired
syphilis in utero were seronegative at birth),

The manifestations of heredosyphilis in newborn babies include:
eruptive cutaneous lesions; snuffles; irritability; fssured lips; pseudo-
paralysis of Parrot; anemia; mucous patch; anal condyloma lata; aphonic
cry; marasmus; nephritis; icterus neonatorum; and no clinical sympltoms
detectable at delivery.

Tardive manifestations of prenatal syphilis that are not apparent at
birth, but develop in childhoodl:)r adolescence include: Hutchinson inci-
sor; scaphoid scapula; Interstitial keratitis; eighth nerve deafness; saddle
nose; hydroarthrosis of Clutton; optic atropgy; and hydrocephalus.

THE SOUTHAMPTON HOSPITAL FETAL BORRELIOSIS STUDY

Southampton Hospital is a 192-bed community hospital serving the
eastern end of Suffolk County, a coastal Fegion ofyLong Island in New
York State. Between 650 and 750 babies are delivered each year by the
hospital's obstetric staff. Lyme borreliosis is hyperendemic in Suffolk
County and the yearly LB infection rates have consistently been among
the highest in the United States since 1982 when the New York State
Department of Health began its surveillance program. High rates of
infection predict that the insect vector, Ixodes ngmmlm, is ubiquitous in
our communities and that the percentage of ticks carrying the spirochete
is high in the communities served by the hospital. Medical entomologists

Table 4. Prenatal Syphills: Serial Studies of the Mother and Child

ULTIMATE
SEROLOCY OF INFANT'S SYPHILIS
SYPHILIC SEROLOGY STATUS OF NUMBER OF PERCENTACE
TIPE MOTHER AT BINTH CHILD cases TOTAL
1 + + + 36 12
2 + - + 54 18
3 - - + a5 Ll
4 - + + 1 0.3
5 + + - 25 8
6 + - - 101 35.7
7 - - - 72 24
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have demonstrated that between 60 and 100 per cent of Ixodid ticks
carry the infection, depending on the tick habitats sampled and the time
of the year that the ticks are collected. (Our medical community includes
Shelter Island, New York, which is Dr. William Burgdorfer's source of
the Ixodid ticks from which he identified *‘Borrelia burgdorferi in 1981).
The extraordinary interest in Lyme borreliosis in pregnancy at South-
ampton Hospital is in part due to the opportunity to see various manifes-
tations of the infection which our ecosystem presents and which may not
yet exist in other areas,

A T-year retrospective analysis of perinatal autopsies performed
from 1978 to 1985 (Table 5) and a 3-year prospective study of perinatal
deaths from 1985 to 1988 has yielded evidence that Borrelia burgdorferi
is detectable in some perinatal autopsy tissues.

Case 1: Fetal Lyme Borreliosis with Ventriculoseptal Defect

A 24-year-old white woman was admitted in February 1985 in labor
at term of her pregnancy. Ultrasound examination showed that the fetus
was dead when she arrived at the hospital. Following the delivery of her
stillborn infant and completion of the fetal autopsy, a retrospective in-
terview established that she had acquired Lyme borreliosis in the first
trimester of her pre?nancy outside of Salt Lake City, Utah. Postpartum
serologic studies yielded conflicting results because the Centers for Dis-
ease Control found strongly reactive results by IFA and ELISA, as did the
New York State Department of Health; however, the Yale University
laboratory of Dr. Allen Steere could detect no evidence of specific anti-
bodies for B. burgdorferi. Fetal viscera showed B. burgdorferi in the
liver, adrenal, brain, heart, and placenta. Spirochetes were seen by dark-
field examination of fetal liver and these bound specific monoclonal
antibody H5332. No microscopic inflammation was identified in tissue
sections which contained the spirochete (Fig. 2). Points to emphasize
from this case are: (1) lack of tissue inflammation in infected tissues: (2)

Table 5. Tabulation of Southampton Hospital Perinatal Autopsles 1978- 1988

Total autopsies 24
Autopsis showing evidence of Lyme borreliosis 4

Autopsy dlagnosis
Group I (no evidence of gestational LB N = 20)

Abruptio placenta 4
B 19 Parvo virus 1
Prune belly syndrome 1
Thanatomorphic dwarf 1
Crouzon disease 1

2

Bilateral renal agensis
Stillborn (cause unknown;
no cardlisc anomalies seen) 10
Group LI (evidence of gestational LB n = 4)

Ventriculoseptal defect (AV canal type) 1

Ventriculoseptal defect (unspecified type) 3

Neural tube defects (hydrocephalus and meningomyelocoele) )
Absence of left hemidiaphragm 1
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Figure 2. A, B. bu dorfer! in fetal aut i
fluorescence, 1000X orrfxgiml ml:nieﬁcll.l:n‘.’pg g‘ymw i rap direct imevwnc.

ferd In fi
gland (Case 1). Indirect fmmunoﬂuorescence. 1500X original ma;nleﬁlcdu:;:‘.)p‘y Wrena

discrepancy in serology testing; (3) positive cultures of spir

fetall liver; (4) concurrence of &rst trimester lnfecllonpwi‘:;h::zsn&o(')?
cardiac organogenesis and subsequent identification of a ventriculosep-
_tal defect; (5) igtrauterine fetal growth retardation; and (6) acquisition of
1pfectlon in a “nonendemic area’ and identification of infection by en-
tirely retrospective analysis, ¢
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Figure 3. B. burgdorferi in fetal placents. Indirect immunofluorescence, 1000x
original magnification,

Case 2: Fetal Lyme Borreliosis with Miscarriage at 19 Weeks Gestation

A 22-year-old white woman became pregnant while residing on a
farm in Suffolk County, New York. She recalled no tick bite and did not
see an erythematous skin lesion. Severe toxemia of pregnancy inweck 17
of pregnancy was marked by hypertension, facial edema, and albumin-
uria and peripheral edema. A macerated 514 gm stillborn female fetus
with an atrial septal defect was delivered in week 19, Postpartum mater-
nal blood showed negative results in two laboratories for specific anti-
bodies to B. burgdorferi. B. burgdorferi was identified in tissue by indi-
rect immunofluorescence (Fig. 3).

Case 3: Fetal Lyme Borreliosis with Miscarriage at 23 Weeks Gestation

A 37-year-old white woman became pregnant while residing on
Shelter Island, New York. Fetal and maternal health appeared normal
through week 20 of gestation. An amniocentesis at wee[: 20 showed a
normal fetal karyotype. Toxemia of pregnancy began in week 22 with
hypertension and proteinuria. In week 23 a 490 gm stillborn male fetus
was delivered. The mother's medical history was remarkable for an un-
differentiated collagen vascular disorder which was in sustained clinical
remission while she was pregnant, but which reactivated after she lost
the fetus. A postpartum Lyme serology test was nonreactive in two labo-
ratories, but an FTA-ABS test for syphilis was reactive at an unstated
dilution and was interpreted as a biologic false positive result reflecting
her collagen disease. A fetal autopsy showed coarctation of the aorta and|
no inflammation of fetal viscera in spite of visceral spirochetosis. B
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burgd i i indi i
(;:;g 40)1:/371 was identified in tissue by indirect immunofluorescence

Case 4: Fetal Lyme Borreliosis with Miscarriage at 15 Weeks Cestation

... A 32-year.old Oriental woman became ing i
. pregnant while residin
t!;::s; t!Iampton. New York. Her course was uneventful in the first trirrsfcls'-l
Soras er ;;regnlancy. She miscarried at 15 weeks gestation and delivered
n g?j‘ emale fetus with no congenital anomaljes, Spirochetes were
? se(r!ve in the fetal liver and in the placenta, but no inflammation was
ound in fetal viscera, Postpartum maternal serolo Y was negative f(‘)r

specific antibodies to BB, B. i i indi
i i e burgdorferi was identified in tissue by indi-

Case 5
D:ieth :‘ laeet:l“lﬂz:.enﬂomliosis in Term Delivery and Postnatal

A 25-year-old black woman presented in September 19 i
78inl
l\:r‘;:}( 3:' sool' :t;gfr;t:nza! H:lr at:’t!epa‘rtuhm course (\;as remarkable on?)l') ?(;rl A
eeding in her second month of pregnancy.
I.‘3230 gm {:;rlmle infant showed multiple anomalies at delivgryglnclucgh ’
: y rc;cep us, omphalocoele, clubfoot, spina bifida, and meningomye
ocoele, Resifratory distress developed in the newborn nursery and 4
oune ij infant died, Autopsy disclosed a large ventriculoseptal
ct as an additional malformation. Spirochetes were identified by

immunohist : A
PPty ochemistry in a retrospective examination of fetal autopsy

Fi 4. B b
il m;:::scmoz_ urgdorferd In fetal kidney. Indirect Immunofluorescence, |500X0ri'gl.
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Case 6: Fetal Borreliosis, Term Pregnancy, With Postnatal Death at
30 Minutes

A 33-year-old white woman was admitted in February 1979 in weck
40 of pregnancy. Her antepartum course was remarkable for uterine
growth retardation as detected in serial obstetrical ultrasound examina-
tions. A 1950-gm female infant showed poor color and poor respiratory
activity at blr&u. The infant showed profound bradycardia with heart
rates of less than 60 beats per minute, with progressive decline in cardiac
output and death 30 minutes after birth despite maximum support in the
neonatal nursery. Autopsy disclosed a large (1 em diameter) ventriculo-
septal defect and showed an absence of the left hemidiaphragm with
herniation of abdominal viscera into the left hemithorax. Spirochetal
fragments were identified by indirect immunofluorescence in a retro-
spective examination of fetal autopsy tissue.

Case 7: Fetal Lyme Borreliosis with Miscarriage at 17 Weeks Gestation

A 34-year-old black woman was admitted in March 1986 in week 17
of her third pregnancy. She delivered a 30 gm male fetus in the emer-
gency room. In the 2 weeks prior to admission, she had experienced
vaginal bleeding and abdominal cramping. An obstetric ultrasound ex-
amination in week 12 of pregnancy had shown a normal appearing fetus
with no abnormalities in head circumference or femur length and sug-
gested normal fetal development. An autopsy disclosed fetal hydroceph-
alusand spirochetes were identified in fetal brain by indirect immunoﬁu-
orescence (Fig. 5). Postpartum maternal blood showed a nonreactive
result in Lyme serology.

Case 8: Fetal Lyme Borreliosis with Miscarriage at 16 Weeks Gestation

A 21-year-old black woman was admitted in July 1988 in active
labor in week 16 of her third pregnancy. In the 2 weeks before admis-
sion, she experienced vaginal bleeding, abdominal cramps, low-grade
fever, and on the day of admission noted a foul-smellin vaginal dis-
charge. A 150-gm macerated male fetus showed no malformations at
autopsy. SpirocEeles were identified in fetal brain with immunohisto-
chemistry using monoclonal antibodies (Fig. 6). Postpartum maternal
blood was negative for antibodies to B. burg«f)rfed. Noinflammation was
found in fetal viscera at autopsy.

Case 9: Fetal Lyme Borreliosis with Miscarriage at 12 Weeks Gestation

A 25-year-old white woman was admitted in active labor. in No-
vember 1986 at week 12 of her third pregnancy. She delivered a nonma-
cerated 294-gm male fetus in the emergency room. An autopsy disclosed
no external or internal anomalies. The patient’s two previous pregnan-
cies had ended at 8 weeks and 26 weeks gestation; neither fetus had been
examined histologically. Routine sections showed no inflammatory infil-
trates. Culture of fetal viscera in BSK medium yielded B. burgdorferi and
other bacteria from fetal kidney (Fig. 7), although no spirochetes were
found in cultures of fetal brain, {iver, spleen, heart, or thymus. No spiro-
chetes were identified in fetal viscera using immunohistochemistry.
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Figure 6. A, B. Burgdorferi, indirect immunofluorescence, autopsy brain imprint
preparation, 1500X original magnification. B, B, burgdorferi, indirect immunofluores
cence, autopsy brain imprint preparation, 1500% original magnifeation,

Case 10: Fetal Lyme Borreliosis with Intrauterine Death at 25
Weeks Cestation

A 27-year-old black woman was admitted for induction of labor at 25
weeks gestation after a routine obstetric ultrasound examination con-

Figure 5. A, Fetal autopsy ?".‘“""""‘“‘TE h’f""“?""“'."f Bf'ﬁ,b"',“d]‘(’;f'{: 'r-.:d;.r::-: firmed that the fetus had died in utero. No high-risk factors were noted in
i"“"“““’?"“"”“'""- 1500 original magnification. imprint cytology monoly the patient's prenatal care record and no infections were identified The
mtopsy Hrn
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Figure 7. Borrella species morphologically consistent with B buridorfeﬁ, darkfield

microscope Image 400X original magnification. Culture of autopsy fetal kidney in Barbour

Stoenner Kelly medium,

patient reported in retrospect that she had experienced myalgias,
arthralgias, and episode of headache for which she did not seek medical
attention. A macerated male fetus showed no external anomalies at deliy-
ery. An autopsy showed a large intraventricular septal defect without
additional internal anomalies. Postpartum Lyme serology performed on
maternal blood was nonreactive. B. burgdorferi was identified in tissue
by indirect immunofluorescence,

Case 11: Fetal Lyme Borreliosis Presenting as Neonatal Sepsis at
Term Pregnancy

A 19-year-old black woman was admitted in January 1986 in active
labor. She delivered an 8 Ib 5 0z male infant who developed respiratory
distress in the first hour of life and was transferred to a neonatal intensive
care unit at a university hospital. Examination of the placenta revealed
otherwise normal appearing villi which contained rare B. burgdorferi
spirochetes (Fig. 8). The infant responded to intravenous antibiotic
therapy.

Case 12: Fetal Borreliosis with Toxemia of Pregnancy and
Neonatal Sepsis

A 26-year-old white woman was admitted in December 1985 at
term pregnancy. Toxemia of pregnancy had its onset in week 37 of her
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Figure 8. Various forms of Borrelia spirochetes including a small ring form, umbilical
cord blood specimen, Indirect immunofluorescence, 1000X original magnification

pregnancy and was manifested as hypertension and proteinuria. The
infant weighed 4 Ib 12 oz at delivery and appeared heanhy and active in
the delivery room. Respiratory distress ensued in the first day of life and
was associated with hypoglycemia and fever. The infant was treated with
intravenous penicillin and metronidazole for septicemia of unknown
cause after routine bacteriology cultures yielded no pathogens. At the
request of the attending pediatrician, the placenta was re-examined for
spirochetes by Warthin starry silver impregnation. Many spirochetes
were found in the placenta (Fig. 9). The infant is now 3 years old, and has
shown normal growth and development. The mother has carried a sec.
ond pregnancy to term and her second child is healthy,

Case 13: Maternal Lyme Borreliosis with Persistent Placental
Spirochetosis Despite Oral Penicillin Therapy in Second Trimester

A 28-year-old white woman was admitted in November 1986 in
active labor at term pregnancy. Lyme borreliosis had been diagnosed in
her second trimester wEen erythema migrans was found on the skin of
her back. She took 500 mg of oral penicillin VK for 15 days, and the
erythema migrans lesion faded and disappeared in the eighth day of
therapy. One month later she consulted a cardiologist because of com-
plaints of dizziness. Sinus tachycardia was diagnoscg by ambulatory car-
diac monitoring. She delivered a healthy appearing 8 1b 13 0z male in-
fant. Serology tests were negative for antibodies to B. burgdorferi in
maternal blood and in umbilical cord blood from the infant by both IFA
and ELISA methods. Culture of the placenta in BSK medium yielded
motile spirochetes resembling borrelia species which could not be sul.-
cu|lurc(r Warthin starry silver impregnation yielded spirochetes in pla-
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cental villi (Fig. 10). A retrospective interview disclosed that 2 weeks
before delivery, the patient had sought medical attention because she
noticed an Ixodid ticﬁ attached to her right leg. A 13 by 13 mm ery-
thematous patch not consistent with erythema migrans was identified by
her physician. Both mother and infant were retreated with oral penicillin
plus probenecid after delivery. Neither patient developed a Herxheimer
reaction. Mother and child appeared well in several ollow-up visits.

Case 14: Maternal Lyme Borreliosis in Second Trimester of
Pregnancy Followed by Toxemia of Pregnancy

A 23-year-old white woman was admitted to the hospital in her
second trimester of pregnancy with concurrent erythema migrans and
aseptic meningitis. Serology for Lyme disease was negative during the
acute illness and remained negative in the convalescent period through
term pregnancy. She was adequately treated with intravenous aqueous
penicillin for 10 days. The erythema migrans lesion gradually disap-
peared by the third day of antibiotic therapy. The patient was closely
monitored for the remainder of her pregnancy. In October 1986, 12 days
before term, she was readmitted for mild toxemia of pregnancy present-
ing as hypertension which was treated with bedrest, She delivered a
healthy male infant. Placental examination yielded no spirochetes by
either culture or by histologic methods. Mother and child appeared well
in serial follow-up postpartum visits.

Figure 10.  B. burgdorferi in placenta, 1500X original magnification, Warthin starey
' silver impregnation,

Figure 9. B, burgdorferi, various forms, placenta, 1000X original magnification, : preg
Warthin starry silver impregnation.
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RATIONALE FOR A PROSPECTIVE STUDY OF SUDDEN
INFANT DEATH SYNDROME (SIDS)

Clinical and pathologic study of fetuses and infants with fetal bor-
reliosis acquired in utero indicate that the expectations do not always
correspond with the observations in the cohort. Three observations
which accrue from the cases of fetal borreliosis are:

1. Tissue inflammation is absent in fetuses with transplacentally acquired B
burgdorferi infection.

2. Gestational Lyme borreliosis may be associated with fetal death in utero,
fetal death at term, or infant death after birth.

3. Maternal blood is seronegative for specific antibodies against B. burg-
dorferi in cases where the spirochete can be demonstrated in the fetus or pla-
centa,

Syphilis acquired in utero could in some cases present with death of
the infant in the first year of life.® Some of the infants with prenatal
syphilis who died showed no clinical evidence of the infection when the
were delivered. These observations from the clinical experience witK
syphilis led the author to test the following hypothesis. Some cases of
sudden infant death syndrome (SIDS) might be circumstantially asso-
ciated with subclinicarpersistenl B. burgdorferi infections which were
acquired in utero.

Permission to study 10 cases of SIDS was obtained from the Chief
Medical Examiner of Suffolk County, New York. All cases were certified
as SIDS'® using the strict criteria of?;renslc pathology, all cases had been
thoroughly examined with a detailed autopsy, routine histology, and
toxicology studies. A condition of the study was that strict patient confi-
dentiality be maintained. Sections of the heart, brain, kidney, and liver
were prepared and Warthin starry silver impregnation was performed.
Two of the ten cases showed spirochetes morphologically consistent with
B. burgdorferi in the infant brain; one of the cases was a male infant who
had died suddenly at 4 months of age (Fig. 11); and the second was a
female infant death at 4 months of age. Spirochetes were not identified in
the representative sections from kidney, liver, or heart. No.inflammation
was identified in the microscopic fields which contained the spirochetes.

SUMMARY

Great diversity of clinical expression of signs and symptoms of gesta-
tional Lyme borreliosis parallels the diversity of prenatal syphilis. It is
documented that transplacental transmission of the spirochete from
mother to fetus is possible. Further research is necessary to investigate
possible teratogenic effects that might occur if the spirochete reaches
the fetus during the period of organogenesis. Autopsy and clinical stud-
ies have associated gestational Lyme borreliosis with various medical
l)roblems including fetal death, hydrocephalus, cardiovascular anoma-

irs, neonatal respiratory distress, hyperbilirubinemia, intrauterine
prowth retardation, cortical blindness, sudden infant death syndrome,

=]
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Figure 11. A, Borrelia species morphologically consistent with B. burgdorferi,
1750%, Warthin st silver impregnation, autopsy brain, sudden infant death syndrome,
infant age 4 mmm. B. burgdorferi reference strain B31, suspended In agar, Warthin
starry silver stain, 1750 original magnification. C, Berrella species morphologically con-
sistent with B. burgdorferi, 1750X, Warthin starry silver impregnation, autopsy brain,
sudden Infant death syndrome; infant age 4 months. D, B, burgdorferi reference strain B3 1
suspended in agar, Warthin starry silver stain, 1750X original magnification.

and maternal toxemia of pregnancy. Whether any or all of these associa-
tions are coincidentally or causal{y related remains to be clarified by
further investigation. It is my expectation that the spectrum of gesta-
tional Lyme borreliosis will expand into many of the clinical domains of
prenatal syphilis.

ACKNOWLEDCMENTS

The support of the Southampton Hospital Lyme Disease Research Fund and agift from
Mrs. C.E H, are gratefully acknowledged. Dr. Bernard Berger and Dr. John E. Hunt Jr.
generousl provigred information for some of the clinical casz studies. Dr. J. Lawton Smith
and Dr, Eﬁol Goldings encouraged the author In this undertaking.

REFERENCES

1. Barbour AG: Laboratory aspects of Lyme borreliosis. Clin Microbiol Rev 4:399 - 414,
1988

i




GesTaTiONAL Lyme Borreviosis 677

2. Dattwyler RC, Volkman DJ, Luft BJ: Seronegative Lyme disease, dissociation of spe-
clfic T and B Lymphocyte responses to Bon-cf)l'a burgdorferi, N Engl ] Med
319:1441- 1446, 1988

3. Lavole PE, et al: Culture positive seronegative transplacental Lyme borreliosis infant
mortality. Arthritis Rheum 3(Suppl):850, 1987

4. MacDonald AB, Benach JL, Burgdorfer W: Stillbirth following matersal Lyme disease.
NY State ] Med 87:615, 1987

5. MacDonald AB: Human fetal borreliosis, toxemia of pregnancy, and fetal death. Zan.
tralblatt Bakt Hygiene 263:189~200, 1986

6. Markowltz LE, Steere AC, Benach ]'L‘ et al: Lyme diseasa during pregnancy. JAMA
255:3394 -3396, 1086

7. Schlesinger PA, Dura PH, Burke BA, et al; Maternal fetal transmission of the Lyme
disease spirochete Borrelia burgdorferi, Ann Intern Med 103:67 - 68, 1985

8. Stokes JH, et al: Modern Clinical Syphilology, ed 3, Philadelphis, WB Saunders, 1945

9. WeberK, Bratzke HJ, Neubert U, et al: Borrelia burgdorferiin a newborn despite oral

pe;ldliln for Lyme borreliosis during pregnancy. Pediatr Infect Dis J 7:286 - 289,
1988

10. Wlﬁgloswoﬂh JL: Perinatal Pathology. Philadelphia, WB Saunders, 1084
11. Willlams CL, Benach JL, Curran AS, et al: Lyme disease during pregnancy: A cord
blood study. Ann NY Acad Sci 539:504 - 508, 1988

Department of Pathology
Southampton Hospital
Southampton, NY 11968




Khin Wothensche (1590) 64° 431- 413

Kinische
SChrift

© Spnger-Verlug 1990

Persistent Atrioventricular Block in Lyme Borreliosis

W. Mayer!, F.X. Kleber', B. Wilske ?, V. Preac-Mursic?, W. Macicjewski', H Sigl', E. Holzer',

and W. Doering'

! X rankenhaus Midnchen Schwabing, Akademisches Lehrkrankenhaus der Ludwig: Maximaians: Universitit Milachen
! Man von Petenkofer-Institut fie Hygiene und Medizinische Mikroblologse der Ludwig: Maximibans-Universitiit Minchen

Summary, Cardiac manifestations are reporied in
0.1%-40% of European patients with Borrelia
burgdorferi (B.b.) infection. Usually symptoms dis-
appear within 6 weeks. We report a case with per-
sistent impairment of atrioventricular (AV) con-
duction. Diagnosis was confirmed by demonstra-
tion of 1gM antibodies and increase of 1gG anti-
body titers against B.b. in serum, by isolation of
the spirochete from skin biopsy material and by
the typical clinical combination of erythema mi-
grans, Bannwarth syndrome (meningoradiculitis),
and complele heart block. Despite immediate anti-
biolic therapy with ceftriaxone, first degree AV
hock and second degree block Wenckehach with
atrial pacing at 100 heats/minute persisied for
2 years. We conclude, that Lyme carditis can cause
long-standing or irrcversible AV conduction de-
fects despite adequate and early antimicrabial ther-
npy.

Key words: Lyme borreliosis - Borrelia burgdorferi
spirochete - Lyme carditis - Alrioventricular block

L.yme horreliosis is the most common tick-borne
discase in Curope and the United States [3]. In
the Federal Republic of Germany about 1100 Bor-
relia infections were found in a seroepidemiologi-
cal survey during 19B4/1985 over a period of
19 months [22]. The causative agent Borrelia burg-
darferi (B.b) detected by Burgdorfer [4) is mainly
transmitted by Ixodes ticks. Up to 30% of [xodes
creinus ticks are infected in the Federal Republic

Abbreviotions AV = sitloventricular,  AVE= alrioventriculas
time; B bwrgdovfees w Roeeetio Maegalonfees, CSE = cerchzaspinal
Nuid; ECG welectrocardiogram, ESR o ¢rytheacyle sedementa-
won tate, FRO = lederal Republic of Geemany, 1 dammam/
oonus 3 vvdes abimsmas escamnt ;. 1gG o smmunoglobuln G
1M < pmmunoglobubin M

of Germany (1, 36). However only a low pereent-
age (probably below 1%) of the persons bitten hy
ticks develop clinical symptoms of Lyme horrclio-
sis [6, 17, 23]

Similar 1o syphilis, Lyme borreliosis is a mul-
tisystem disorder and may develop in three stages
|1, 25, 27]. Typical clinical manifestations are cr-
ythema migrans (stage 1), lymphocytic meningora-
diculitis Bannwarth, and Lyme carditis (stage 1),
and acrodermatitis and arthritis (stage 3) 1. B, 19,
25, 18]. Differences in the clinical symptoms be-
tween cases from Europe and the United States
have been described. Such differences may be due
10 antigenic variations of Borrclin strains [3], but
also may be caused by differences in the awarencss
of clinical symptoms [R). In the United States cardi-
ac manifestations were reported in 4%-10% (11,
26, 12}, in Eurape in 0 3%-4 0% of cises with
Lyme borreliosis [2, 14, 21, 22, 24]. However, the
latter observations were mainly based on seroepi-
demiological surveys,

Lyme carditis is chitrisclerized cither by disease
of the conduclion system {20, 31] or by myopericar-
ditis [12]. In the beginning usually second- or third.
degree AV block is present, In the majority of pa-
tients conduction system abnormalities disappear
within 6 weeks [13, 31).

We seport on a paticnt with persistent patho-
logic AV conduction despite immediale and appro-
priate antibiotic therapy.

Case Report

In September 1987, a }6-year-old woman was ad-
mitted to the intensive care unit of this hospital
with chest pain, vertigo, nausei, vonuting, and sc-
vere bradycardia. The patient reported several ek
bites acquired B weeks previously durig a garden
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ment in Lyme borrebosis

party. From the site of one of these biles in the
middle of the lower abdomen an area ol redness
expanded reaching the size of two palms. On ad-
mission, the lesion had bright red outer borders
with central clearing. Six days before she experi-
cnced pain in the lumbosacral arca radiating into
the buttocks and both legs.

The electrocardiogram on admission revealed
sinus rhylthm at a rale of 85 with complete heart
block and junctional escape rhythm with a heart
rate between 25 and 40 beats/min. Because of these
severe symploms, lemporary pacemaker therapy
wits  ndministered. Initially temperuture  was
37.5° C. The erythrocyte sedimentation rate (ESR)
was 34 mm in the 1st h and the white-cell count
was 14000, The first specimen of cerebrospinal
fluid (CSF) showed 42 cells (75% lymphocyles)
with albumin 31 mg/dl and 1gG 7.5 mg/dl, suggest-
ing a lymphocytic meningoradiculitis. Diagnosis of
Lyme disease was confirmed by positive IgM anli-
body test and significant increase of 1gG antibody
titers against B.h. (immunfluorescence absorption
assay as previously described [35), see Fig. [) and
by isolation of B8.b. from the erythema migrans
lesion by culture in modified Barbour-Stoenner-

Kelley medium [15). Borrelian specific antibodies
were not detected within the CSI5, Antibody tesis
for syphilis (Treponema pallidum hemagglutini-
tion assay and cardiohpin Mocculation test), cox-
sackie- and hepatitisvirus were negative, s well
as rheumatoid factor and antinnckear antibodies

On assumption of Lyme diseuse wath erythema
chronicum migrans, neurologic and cardiac n-
volvement, which was confirmed 6 disye later by
a positive borrelin 1gM antihody 1est, i antibion
regimen was sturted with 2 g cefiniane daily over
2 weeks,

The erythema fuded within 6 dis, body 1en
peruture and inflammatory signs in CS1 and se-
rum normalized, and back and leg pinn subsided
within days. However, symptomatic third-degice
AV block was present for 5 days und second-de-
gree AV block for §0 days. A prolonged PR inter-
val of 220 ms (at a heart rate of 62 beatsmin) ami
Wenckebach AV block at an ateial stimulation rate
of 100 beats/min persisted until August 1989
24 months after the initial hospital admission Nei-
ther in exercise testing, nor in Holter mononne
for 24 h was sccond- or thitd-degree AV block de:
tected at that time.
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Discussion

Based on conclusive clinical observations AV
Mock i Lyme disease has been reported as carly
as in 1977 before the spiruchetal etiology was de-
tected |31, 33). Later on the borrelia as Lhe cliologic
agent was conflirmed by microbial lindings 7, 12,
13, 16, 20).

After typical features like lick-bile history, er-
ythema migrans, and Bannwarth's syndrome our
patient was admitted with third-degree AV block,
insignificant 1gG antibody titers and elevated IgM
antibody titers. In the course of the disease a (wo-
fold increase in 1gG antibody titers and a gradual
fall in IgM antibody ftiters was observed (see
Fig- 1). With improvement of AV conduction anti-
hewly titers and humoral signs of inflammation de-
clined. However first-degree AV block and Wenck-
ehach AV block (at an atrial pacing rate of
100 beats/min) persisted for 2 years. Typical pain-
less, asymmetric mono- or oligoarthritis did not
aAppear.

The differential diagnosis must consider nu-
merous diseases,

Rheumatic fever often simultancously shows
carditis, arthritis, and chorea. The cardins afTects
mainly the valves with changing murmurs, conges-
tive heart failure, and accompanying pericarditis.
Prolongation of the PR interval occurs in up to
§0% of patients, complete beirt block is unusual.
The polyarthritis is acute and migritory involving
the large joints of the extremities. The typical skin
lesion crythema marginatum appears ws u pink
rash with central clearing in migratory fashion.
Antistreptolysin titer may help in the differentinl
thagnosis,

Sarcoidosis as a systemic discase aflcets multi-
ple organs similar to Lyme borrcliosis. Almost al-
witys the lungs are involved with symptoms refer-
able 1o the respiratory system. Fibrosis can be de-
tected in the chest X-ray as well as the typical hilar
Iymphadenopathy. Erythema nodosum is a sign of
acute discase. Uveitis and unilateral facinl paralysis
are rare. Changing and transient arthralgins and
frank arthritis are mostly limited to the large joints.
Cardiac dysfunction is seen as well as archythmias
and serious conduction disturbances with complete
heart hlock.

Yersinia enterocolitica in young adults often
resemhles appendicitis, in elderly the typical enteri-
tis with diarrhea and abdominal pain may be lack-
ing. Erythema nodosum is scen in older women,
SU%e ol patients have mono- (oliga-)arthritis (eften
LA B 27 positive). The heart s involved as valvu-

litis and myopericarditis, conduction system abe-
normalities are rare. Serologic testing is helplul hke
in viral diseases

The main “cardiolropic™ virus is coxsickee 1,
which primarily affects the heart as myncarding
and heart failure with cardiomegaly. AV bhlock 1s
uncommon, as well as arthritis, skin involvement,
or meningoencephalitis. Viral carditis often cannol
be ruled out, because significant courses ol anti-
body titers may be lacking.

Syphilis like Lyme borreliosis is caused by spir-
ochetes and develops in stages. The primary
chancre may be overlooked. The secondary syphi-
lis is accompanied by sore throat, fever, maluisc,
weight loss, and headache. Lymphadenopathy is
generalized, the skin shows small pale red macules,
especially on the palms and soles. Alopecia areala
and condylomata lata are other typical findings.
Cardiovascular lesions are found in late stages.
Medial necrosis of the large arleries with aorlitis
causes aortic regurgilation and aneurysm. Neu-
rolues may be parenchymatous with general pare-
sis and tabes dorsalis or meningovascular with
stroke syndrome. The multiple serologic tests are
very sensitive in making the correct diagnosis. bul
cross reactions may happen with 8.5,

Reiter syndrome is characterized hy the triad
urethritis, conjunctivitis, and arthritis. The latter
is acute, asymmetric, and oligoarticular. Mucocu-
tancous lesions und pleuropericarditis are rarc.
This disease is also HLA B 27 associated.

Most patients with lupus erythematodes devel-
op painful nonecrosive symmetric polyarthritis,
which lavors the small joints of the hiands. The
malar and discoid rash arc photosensitive. Hema-
tologic, and very variable neuralogic disorders may
be seen. Nephritis with persistent proteinuria ac-
counts for most fintal cuses, Pencardial pin ac-
companics the myopericarditis, the typical endo-
carditis Libman Sacks ofien is silent. Charactenistic
autoantibadies and the pathognomonic lupus cells
supporl the diagnosis

The so-called CREST syndrome in scleroderma
lists caleanosis, Raynaud phenomenon, esophageul
hypomotility, scleroductyly, and teleangicctasit as
the leading features, Cardiomyopathy with heart
failure occurs as well as arrythmias with virying
degrees of heart block,

Our case is readily recognized as Lyme borre-
liosis. Not only isolation of borreli in typical skin
lesions after several tick bites was present, but
conclusive course of 1pG and 1gM antibody titers
confiemed the diagnosis. The concomitant devel-
opment and laler improvement of cardiae conduc-
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tion defects in the absence of signs of one of the
other diseases mentioned above makes an cliology
other than borrelin highly unlikely.

Therapy usually consists of oral application of
letracyclines for early manifestation [29), in later
stages of high-doscs i.v. penicillin [28, 30, 31, 37).
Recent reports emphasize the susceptibility of 8.5,
to cephalosporins [9, 15] and clinical trials show
their elficacy in patients [S, 18]. As suggested by
serial antibody determinations our patient was suc-
cessfully treated with cefiriaxone intravenously
over 14 days. In parallel the erythema disappeared,
inNammation signs in CSF and serum normalized,
and AV conduction improved, However, the rea-
son for incomplete restitution of AV conduction
remains unclear. Persistence of borreliac is a possi-
ble explanation as well as scarring within the AV
node. ?

If complete heart block persists for more than
1 day afier initiation of antibiotic therapy, cortico-
steroids are recommended by some authors [31).
However, we did not treat our patient with corlico-
steroids because this regimen is discussed contro-
versially [16] and may possibly reduce eradication
of borreliae [5).

The prognosis of AV block in Lyme borreliosis
is good. In an overview of 52 cases [rom the litera-
ture AV block resolved within 6 weeks in all bul
three [13). No trial on the efficacy of antibiotic
therapy in Lyme carditis is reported, bul the ad-
ministration of antimicrobial agents seems reason-
able, because successful treatment has been shown
in lymphocytic meningoradiculitis, the most com-
mon stage 2 manifcstation {10, 18, 30]. Our case
demonstrates that persistent conduction defects
may develop despite immediate antibiotic therupy.
As involvement of the heart is relatively rare in
Lyme horreliosis, it isimportant to keep Lyme car-
ditis in mind us potentially harmful.

Addendum

During preparation of this manuscript Iwo similar
cases, one with persistent disturbance of AV con-
duction have been published (De Koning J, Hoog-
kamp-Korstanje JAA, van der Linde MR, Crijns
HIGM (1989) Demonstration of Spirochetes in
Cardiac Biopsies of Patients with Lyme Disease.
J Infect Dis 160:150-153
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Clamgen. Der relaty hohe Preis ist durch die whe gute Aus:
stattung geeechtleanig!

G Fearl {Munchon)

1115, Schill, F. Schweden (1rsg | Computcriomuogeaphic In der
Urolegie. Georg Thieme, Stuttgart New Yark 1989 xvi,
AM2 S, 260 Abh in ST Pecluniclungen S Tub Geh
DM 290, -
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SUMMARY

Myositis was proven histopathologically in 4 patients (age range 36-66 years)
who suffered from early or late stages of Borrelia burgdorfert infection. Muscle weakness
was present in 3 patients, | complaining of additional myalgias. One man came to
medical attention because of skin discoloration and swelling of one leg. Deep biopsy
from skin, fascia and muscle revealed acrodermatitis chronica atrophicans, panniculitis,
fasciitis, and myositis, respectively, Creatine kinase was slightly elevated in 3 cases and
normal in one. Infiltrates were found in the perimysium and within the muscle bundles,
mainly around small vessels. The infiltrates consisted of many B cells and T4 lympho-
cytes with fewer cytotoxic T cells, suggesting that Borrelia myositis might be due to a
local immune response to unknown Borrelia antigens. Cultivation of Borrelia from
muscle was not successful. Antibiotic therapy cured the myositis.

Key words: Borrelia burgdorferi; Myositis; Fasciitis; Muscular imaging; NMR
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INTRODUCTION

Lyme borreliosis is known to cause erythema migrans, facial palsy, meningo-
radiculopolyneuritis, lymphadenopathy, and occasionally hepatitis, splenomegaly,
myocarditis and arthritis. Chronic or late manifestations include acrodermatitis
chronica atrophicans, peripheral neuropathy and encephalitis in some patients, How-
ever, cases of myopathy due to Lyme borreliosis are rarely published. Schmutzhard and
co-workers (1986) were the first to report a case of myositis in a woman suffering from
erythema migrans and Borrelia-associated polyneuritis. Recently, Atlas et al. (1988)
showed the presence of a few Borrelia burgdorferi by Dieterle silver stain in a further case
of Lyme myositis.

We present here another 4 cases of interstitial and focal nodular myositis in early
and late stages of B. burgdorferiinfection. Investigation of these cases included biopsies
for histopathological examination, skeletal muscle imaging and serological methods,

CASE REPORTS

Case |

A 66-year-old previously healthy woman had sustained several tick bites over the
past years before a bluish exanthema appeared on her lefl forearm. She had increasing
difficulty in climbing stairs and walking quickly. She was admitted to our hospital in
July 1986 about 4 months after the onset of muscle weakness. She complained aboul
abnormal fatigue; however, muscular pain or sensory symploms were absent.

Clinical examination showed a bluish-red skin lesion of 17 x 7 cm on the extensor
surface of her left forearm. The skin in this area was partly atrophic, partly swollen and
shiny. No regional lymphadenopathy or nodules were detectable. During neurological
investigation muscle stretch reflexes could not be evoked. The right iliopsoas, left gluteus
medius, and glutei maximi muscles, and the hamstrings on both sides, were markedly
weakened. Trendelenburg's sign was positive on the left side. The patient had to use
her arms to rise from & squatting position. No sensory disturbances were found. CK
was normal on several occasions, The indirect immunofluorescence assay for Borrelia
burgdorferi antibodies showed high titres in serum: IgG, 1: 1024 (normal below 1 : 64);
and IgM, 1:512 (normal below 1:32). 1gM antibodies against a specific B. burgdorfen
protein (pC) have been demonstrated by Western blotting (Fig. 1). The complement
fixation test for FSME-IgM was unreactive, but positive for IgG. All other laboratory
findings were normal. Cerebrospinal fluid analysis was normal, including serological
testing for B. burgdorferi antibodies. The patient was positive for HLA-CW3. The motor
nerve conduction velocity of the right peroneal nerve was normal; that of the le was
reduced to 38 m/sec. H waves (m. soleus) were abnormal on both sides (52 msec, low
amplitude), indicating a lesion of the S1 roots or of the proximal parts of the ischiatic
or tibial nerves. An electromyogram revealed fibrillations and positive sharp waves in
the right quadriceps femoris, the lelt extensor digitorum brevis and the tibialis anterior
muscles on both sides. EMG of the lell gluteus medius, biceps brachii muscles on both
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sides and the left abductar pollicis hrevis muscle was normal, whereas in the extensor
digitorum  brevis muscles on both sides, polyphasic, high-amplitude units of long
duration were seen. In the leflt gluteus maximus, right quadriceps femoris and the tibialis
anterior muscles on both sides, potentials of short duration and low voltage, as well as
motor units of increased amplitude and duration, were found.

Computed tomography of skeletal muscles was normal exeept for some hypo-
dense foci in the paraspinals, whereas sonography of the rectus femoris muscles
revealed slightly increased echointensities compared to the vastus intermedins muscles

A muscle biopsy of the right rectus femoris muscle was performed. Perimysial
connective tissue was focally enlarged. Numerous focal infiltrations containing histi-
eytes and lymphocyies were visible. They were localized in particular around small
vessels (Fig. 2). In the vicinity of these infiltrations muscle fibres showed hyaline,
granular and vacuolar fibre degenerations (Fig. 3). Necrosis of some fibres with phago-
evtosis was deteeted. Signs of fibre regencration, such as fibre splitting and profiferation
of satellite cells, were demonstrated. However, the great majority of muscle fibres was
mtact Flectron microscopy showed many lysosomes in histiocyles, insheating plingo-

citosiy Some nsele fibres showed autaphagic vacuoles and, as a sign ol exae o,

Fig. 2 Case I: muscle biopsy specimen (nght rectus femoris muscle) showsng a perivascular lhmphahisno:
cytic mhikration Haematoxylin and eosin; original magmlicanon, = (00

Pag 3 Case | omusche bopsy specumen (ght eectus femorss mincle) Sl lyntpholstioe s ot w il
fibre depenctation Facnatnns b aad eosi, ongaral pagmficatam. 0
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Lyme Discase

Histopathology of Clinical Phases of
Human Lyme Disease

Paul H. Duray, MD*

Lyme borreliosis (LB) in humans can be divided into acute, sub-
acute, and chronic states of inflammation with variable dcsrees of
dysfunction.'33!-24 Multisystem involvement appears to be random and
unpredictable, with chronic states of persistence in some cases. The
disorder is one of inflammation, comprised of T and B lymphocytes
mixed with macrophages, dendritic antigen-processing cells, and masl
cells as the main components. B. burgdorferi has been demonstrated in
virtually every tissue site recognized to be involved, with the exception
of peripheral nerves and autonomic ganglia, although it is likely that the
spirochete invades them as well.

Progress in defining the histopathologic changes in LB has been slow
and pain-staking because patients are not readily biopsied as a routine
practice. This is because signs and symptoms are generallr transitory
exceplt for chronic, persistent involvement of the central and peripheral
nervous systems.dloinls and synovia, and the skin. Sites sometimes in-
volved by pain and swelling that are usually not biopsied include regional
lymph nodes, gonads, an liver. Myocarditis is becoming increasinily
recognized by clinicians who actively seek it, and transvenous right-
sided cardiac ()io sies have been performed more often in larger centers
with a relatively {)\igh diagnostic yield. Tissue sites also proving satisfac-
tory for biopsy purposes are the skin, underlying soft tissues, and volun-
tary muscle because of the complex differential diagnoses in these areas,
including the differential of lupus erythematosus, scleroderma, fasciitis,
Weber-Christian disease, dermatomyositis, rheumatoid nodules, gouty
tophi, cutaneous malignant lymphoma, and polymyositis.

Many clinical cases are a equately treated with antimicrobials;
other cases appear to undergo spontaneous “resolution,” and still other
patients—despite spirochete inoculation from the feeding tick-—show
no clinical signs of disease. That leaves the fourth group of patients who
have demonstrated the variable clinicopathologic lesions that are dis-
cussed in this article. These changes will be discussed from the stand-
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point of acute, subacute, and late disease. In my experience, patients
with documented LB serologically, who continue to have signs andl
symptoms referable to a given site or system, will have definite histo-

athologic changes in those sites upon biopsy, and in all likelihood will |

[:;wc demonstrable associated spirochetes, however sparse in number.

CURRENT CONCEPTS OF SEQUENTIAL SYSTEMS
INVOLVEMENT IN LYME DISEASE

Tue Becinning LESION

The first manifestation of organ and tissue damage in the carliest
phase of LD consists of the skin site where the nymph or adult female tick
has fed. The tick-feeding site is a clinical hemorrhagic papule reflected
histologically as a central ulcer underlayed by a mixed inflammatory
infiltrate of polymorphonuclear leukocytes, macrophages, eosinophils,
lymphoid cells, and scattered mast cells.'® Some papules have areas of
necrotic collagen with hemorrhage. The spirochete is deposited at the
site, probably by accident from the tick cft‘lring the blood meal, but is
difficult to demonstrate histologically because of the profound polymor-
phous inflammation. Many spirochetes are doubtless phagocytized by
neutrophils and macrophages, but others survive this first inflammatory
response. The annular red rash may have central clearing, and this typi-
fies erythema migrans (EM).2561033 EM usually begins days after tick
inoculation, persists in a range of 3 to 32 days, sponmneously resolves, or
Focs on to develop secondary, multiple ECM lesions, 3929537 §pirachetes
rave been isolated from the advancing red peripheries of the annular
rash, as well as the secondary lesions. The spirochete can be histologi-
cally demonstrated by silver stains such as the Warthin-Starry,'®'? Dic-
terle,? or Steiner stain.'?

Acute Lyme BorrerLiosis (LB) INVOLVEMENT

EM is reflected histopathologically by a mild to moderate infiltrate
of lymphocytes and plasma cells, with few macrophages situated imme-
diately around the small blood vessels of the pnpiﬁary and upper reticu-
lar dermis.'®7 Scattered mast cells also occur in this acute stage of LB,
but are not in high numbers. The dermal vascular endothelium can ap-

ear swollen and prominent, with an occasional lymphocyte in endothe-
[:al cell cytoplasm, but luminal fibrin microthrombi, leukocytoclasia, and
frank vascular necrosis have not been seen in EM. EM eventually resolves
(with or without treatment), as the spirochete departs the skinand enters
the general circulation (Fig. 1). Entry into the blood stream probably
does not oceur as an all or none critical event, but rather ina more or less
random fashion while EM is still visible, because patients often complain
of varied and protean symptoms referable to multiple organ systems, in a
manner at once reminiscent of viral syndromes such as infectious mono-
nucleosis. This can oceur during the active rash, for example headaches,
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Figure 1 Frythemamigrans Spivochete has entered the dermal venule in the middle
ol the wtcraphotogeaph Dheterle stnin, 1000X,

thotaphiohia wasea, and peneralized aches may accompany the rash or
’n”n\\ (M Ol al signs alter the rash then include lymphadenopa-
thy, mobd splenomegaly, ovchitin, fever, and conjunctivitis. All or none of
these sy T presentinagven pationt l'uli('nl.‘;(‘:lll(:()mpl:lln()fgcneral-
red e Bk myalgin, chilleam hieadache, o alternatively symptoms of a
nonspecilic npper vespivatory (nlection The symptom that is prominent
in the majority of cases, and s most likely to be the patients’ major
comphaint is fatigue ™ Chills and fever probably herald spirochetemia
andd humoral responses such as interleron release. The opportunity to
examine the histopathology in lymph nodes, spleen, liver, lung, and
gonads has been extremely limited beeause involvement of these organs
in early disease is ordinarily benign and self-limited. Needle biopsies of
the liver in three patients, one patient with lymph node biopsy, and two
spleens from necropsy, however, have been studied by our laboratory. A
plasma cell response in the lymph node paracortical regions and perivas-
cular regions of the spleen were present. Swollen epitheliod sinus macro-
phages in the lymph node were abundant and showed erythrophagocyto-
sis. Large, pleomorphic immunoblasts, were seen in both the lymph
nodes and spleen (Fig. 2). These pleomorphic immunoblasts showed
polycional IgG, IgM, x and 1 light chain immunohistologic reactivity
consistent with the known serologic response of IgG and IgM in the
serum. The immunoblasts did not react with Len M-1 or antibodies to
leucoeyle common antigen, in(licntini: that the lineage was plasmacytic.
Plasma cell vasculitis as seen in syphilitic lymph nodes has not yet been
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Figure 2. Lymphadenopathy during the flu-like stage. Note the atypical B-immuno-
blasts which are often seen in spleen and lymph nodes. Hematoxylin and eosin 400X

seen in Lyme lymphadenitis. Nonspecific lymphoplasmacellular portal
triaditis occurred in two patients, with intact Lepnlocy(cs‘ mild injury
patterns of nuclear anisocytosis, and binucleate forms similar to changes
seen in the livers of experimentally infected hamsters.'* However,
changes in a third case showed liver cell swelling and microvesicular fat
changes reminiscent of acute viral hepatitis.'® Many liver cell mitoses
were also seen, in addition to diffuse mononuclear inflammatory cells
(including plasma cells) throughout the sinusoids. The infiltrate focally
suggested a neoplastic infiltrate when hypercellularity was mixed with
liver cell mitoses. A rare triad vessel showed changes suggestive of mild
vasculitis,

Interstitial pneumonitis has been seen in two patients in the Phila-
delphia area who were biopsied because of a suspicion for Pneumocystis
carinii infection. A moderate lymphoceytic interstitial infiltrate was seen
in both as in viral pneumonitis but of lesser severity. Transient lympho-
cytic interstitial infiltrates probably correlates with episodic “dry”
coughing encountered in some patients. Both patients had pleuritic pain,
cough, and dyspnea and followed the onset of EM.

Human splenic infections have infiltrates of large, pleomorphic B
and T immunoblasts in the follicular regions, or can rarely present with
anacute splenitis requiring surgical intervention as occurred in one case.
The latter had scattered areas of tissue necrosis, neutrophils, and macro-
»hages accompanied by as many borrelial spirochetes as can ordinarily
Lc seen in human Lyme infections, Splenomegaly and splenitis are prob-
ably indicative of dissemination.

2 4 N . . e s s s S S O N O EE (e e
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Some patients manifest skin involvement in early disease by lesions
other than EM. Urticarial lesions, cutaneous plaques, and malar, reddish
miacules have been seen but are not well-characterized at present. One
case was confused with lupus profundus histologically because of deep
dermal and subeuticular plasmacytic infiltrates in an angiocentrie distri-
bution, with abundant spirochetes in the intervening reticular dermal
collagen. Cotancous lymphoid hyperplasia (lymphadenosis benign cutis)
does oceur in the United States, alllut)u§l1 it is more commonly seen in
Europe, and can arise in early disease 34838 It is manifested by erythena-
tous swelling of the inferior or posterior ear, breast nipple, and axillary
fold skin.'? Other cutaneous sites are possible, but these are classic loca-
tions for borrelial lymphocytoma. Histologically, there are dermal
lymphoid nodules with germinal centers and intervening dense fields of
polymorphic lymphocytes including plasma cells and macrophages. *#-3
Spirochetes can be more easily identified in these lesions than EM by
standard histologic silver stains and by electron microscopy. Borrelial
lymphocytoma is probably under-recognized in the United States, al-
though there couIJ be strain differences accounting for its greater preva-
lence in Europe, especially Scandinavia,

Symptoms ol headaches, malaise, photophobia, nausea and vomit-
ing, and pain in the musculoskeletal system especially the joints are
perhaps more constitutional in nature than as a result of inflammation in
those sites, but this is not fully known.

Procressive DISSEMINATION

Two major systems comprise this phase: central nervous (15 per
cent) and cardiovascular systems (8 per cent of cases).'83933 There is
some overlap of nervous system involvement between the acute phase
(cephulgin; early meningeal signs), and disseminated nervous system
involvement, which is characterized by the triad of meningitis, cranial
neuritis, and radiculoneuritis.?*?®* Lyme meningoencephalitis seems to
oceur in European patients more often than in North American.® Multi-
ple clinical combinations of head and neck polyradiculitis and encepha-
lopathies occur in this phase, and may include Bell’s palsy. Regardless of
the neural structure involved (autonomic ganglia, longitudinal nerve,
meninges, cerebral cortex) the basice histo!)athology involves a variable
infiltrate of lymphocytes and plasma cells.’*~'7 Linear infiltrates of lym-
phoplasma cells occur in the meninges and may correlate with the pleo-
cytosis as seen in the cerebrospinal fluid. Cerebral cortical tissue, in my
experience, has fewer lymphoid cells than peripheral neural structures,
consisting mainly of increased microglial cells'® and mild spongioform
changes. Perivascular lymphoid cells have been seen in some cases.
Meningovasceulur syphilis has more severe infiltrates and vascular
changes than Lyme cerebritis, and gummas (cerebral necrobiosis) are
absent in Lyme cerebritis as far as we know. Lymphocytes and lesser
numbers of plasma cells are found direetly within involved autonomie
ezl as thiey e in the peripheral nerves. Vessels within the longita-
il nerve semments can show vasceulitis as well as abundant lympho-
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cytes, macrophages, and plasma cells throughout the nerve interior and
in the perineurium, It has not been demonstrated that B. burgdorferi
occurs directly within ganglia and peripheral nerve segments as can be
demonstrated in cerebral cortex, but this does not exclude the possibility
that they are there.

Clinical involvement of the heart in disseminated disease is repre-
sented clinically by ventricular tachycardia or heart blocks (1°, 2°, com-
plete).?>% Slow heart rates down to 30 per minute have been recorded.
Although complete AV heart block often converts to normal sinus
rhythm spontaneously, carditis has caused one death.®® Lyme carditis
pathologically is an epi- and transmyocarditis, with all regions of the
myocardium involved by an interstitial infiltrate of lymphocytes and
plasma cells.'”#? Hyperacute involvement may involve small inflamma-
tory nodules of neutrophils and macrophages as seen in a limited endo-
cardial biopsy in one patient receiving chemotherapy for breast carci-
noma, and in that case there was mild, focal myocardial sarcoplasmic
degeneration which is ordinarily not seen in human Lyme myocarditis.
Transvenous endomyocardial biopsy is effective in clinical diagnosis be-
cause the endocardial involvement is represented by a characteristic
band-like infiltrate of lymphoid cells (Fig. 3). This band-like endocardial
infiltrate has been seen so often that the diagnosis of Lyme carditis can be
strongly suggested in an appropriate clinical setting (endemic areas with
ECM history), even in limited endomyocardial biopsies. If the biopsy
includes underlying myocardial fibers, the interstitial lymphoplasma-

Figure 3. Lyme myocarditis Interstitial lymphioeytic and plasmacytic infilieation.
feft Note the chaneteristie band ke endocardial inlbummatory coll idilate of Ly e
canditis, Hematoxylin s cosin
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Figure 4. Lyme myocarditis. Hypercellularity of the adventitia reflecting a form of
vasculopathy.

cytic infiltrate will be seen (see Fig. 4). Scattered small and large intra-
myocardial vessels show inflammatory changes that suggest a form of
vasculitis. Occasionally, small vessels show endothelial cell swelling and
a tight perivascular lymphoid response, while large vessels show adven-
titial infiltrates with loose reticulin and increased collager. formation
(Fig. 4). Acute karyorrhectic neutrophilic vasculitis with fibrin mi-
crothrombi has not been encountered.

Curonic Lyme Borreriosis

A subset of patients go on to chronic, persistent dis. .se in the pres-
ence of continuing spirochetes in selected sites with continuing inflam-
mation and humoral immunologic reactions. These manifestations are
not inevitable because the disease process may be completed at the end
of each prior phase of the inflammatory illness, and not progress any
further. However, chronic Lyme borrelial disease occurs worldwide
predilecting for the skin and central and peripheral nervous systems in
Europe,®® and in the muscular skeletal system, particularly the jointsand
synovium, in North America.?® This target organ selectivity in either
hemisphere in chronic disease is a phenomenon not well understood but
may relate to minor differences in the North American versus the Euro-
pean strains of B. burgdorferi®® The European strain has more flagella
than North American strains. There are also minor differences in the
outer surface membrane proteins, It could be speculated that varying
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amounts of protein of a given molecular weight presented to the immune
system at varying intervals could lead to unusual tissue responses with
inappropriate target organ or structure damage. This concept needs to
be explored experimentally with different B. burgdorferi strains in an
appropriate animal model. These minor differences could play a role in
target site specificity in chronic disease based on geography. The skin is
also involved in late borreliosis,®® and like the nervous system, chronic
cutaneous involvement is perhaps more likely to be seen in Europe than
in America.

Lyme arthritis and synovitis of the joints eventuates in approxi-
mately 60 per cent of Lyme disease patients in the New England area,
and is ordinarily one of migratory an(rimermittenl oligoarthritis #%.91 -9
In metropolitan Philadelphia there is no paucity of pediatric arthritis,
The knee joint is the more likely site, but the shoulder, wrist, temporo-
mandibular, and ankle joints are involved in some cases. I have not
encountered histopathologic sections of the synovium in the earliest and
hyperacute stages of involvement, but it is possible that neutrophils and
macrophages occur in the synovial stroma, because many neutrophils are
known to oceur in the synovial fluid. The pathologic changes seen in the
synovium will depend on the degree of involvement, the duration of
involvement, and the extent of the sampling of the tissue (excision by
subtotal synovectomy versus limited percutaneous biopsy). Limited
samples may or may not show the key features of Lyme synovitis, The
prevalent afteration is a nonspecific hypertrophic synovitis.?* Hyper-
trophic synovitis can be seen in a variety of synovial disorders including
post-traumatic synovitis, rheumatoid arthritis, and Reiter's disease.
Lyme synovitis can be added to this list. The synovial membrane in this
alteration is constructed of papillary fronds of synovial stroma lined by
hyperplastic synovial cells of greater than the usual two-cell thick sur-
face.'®?? Hypercellularity varies from case to case. The hypercellularity
is comprised of several cell types: synovial cells not only are in increased
layers over the membrane but are found loosely distributed and infiltrat-
ing the subsynovial stroma. Varying degrees of lymphocytic infiltration
are seen ranging from diffuse infiltrates up to lymphoid aggregates with
poorly formed germinal centers. Lymphoid aggregates and follicles may
be so prominent as to resemble lymph node or tonsillar architecture or to
be sparse and focal. Plasma cells in various stages of maturation are seen
in virtually every case, and may even be the predominant inflammatory
cell responder in approximately 50 per cent of patients. Plasma cells are
seen at the peripheries of the lymphoid aggregates, loosely distributed in
small aggregates, or even found in the junctions of the synovial cell layer
and the underlying stroma. The rest of the inflammatory cell infiltrate is
comprised of mast cells and macrophages. Mast cells seem to be particu-
larly prominent where lymphoid elements and plasma cells are fewer in
number. Mast cells can be demonstrated in the vicinity of the deeper
stromal vessels. Eosinophils have not been seen in Lyme synovitis. Neu-
trophils can be demonstrated on careful search, but are not a prominent
ﬁn(?ing in the phase of proliferative or hypertrophic synovitis.

Neerosis of cither cells or stroma has not heen seen inmy cases, nor
have alterations suggesting charcot joint formation been encountered
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However, up to 50 per cent of cases show deposits of fibrin and fibrina-
ceous material if the excision is adequate. Fibrin deposits are not specific
for Lyme synovitis and can be seen in rheumatoid arthritis, Reiter's
disease, and in hemophiliac hemarthroses. However, the fibrinaceous
deposition in Lyme arthritis differs from the above by the presence of the
fibrin matrix occurring diffusely within the subsynovial stroma of certain
synovial villi. In the other conditions noted above, particularly Reiter’s
disease and rheumatoid synovitis, fibrin deposits are largely on the sur-
faces of synovial villi rather than extensively within the stroma of the
synovium itsell. This matrix deposition is not a form of (fibrinoid) ne-
crosis, because the amorphic appearance of the stroma in fibrinoid ne-
crosis and other forms of necrosis is not present in the fibrinaceous matrix
of Lyme arthritis, and close examination shows fibrillar configuration.
Intact mononuclear cells with patent nuclei are seen within the stroma
indicating that this has not been stromal necrosis. In Reiter’s disease and
rheumatoid arthritis, the fibrin deposits for the most part tend to cover
the synovial villous surfaces rather than replace the stroma.

It is known that vascular proliferation (neovascularization) accom-
panies most inflammatory tissue responses of any cause, with dilatation
and congestion comprising the most common form of an acute flare and
erythema. Granulation tissue represents a clear sample of microvascular
proliferation occurring within a range of days to weeks. Microvascular
proliferation consisting of branching (arborization), is seen in some pa-
tients with Lyme synovitis. This is nonspecific, and may relate to re-
peated episodes of localized trauma about the kneerjoint as a result of
physical activity superimposed upon a background of tissue response to
spirochetes. Many patients with Lyme arthritis have been of an age

roup where outdoor recreation and strenuous activity such as jogging
ﬁus been commonplace. Again, based on tissue volume sampling, an
additional change in the vessels can be demonstrated in up to one-third of
Lyme arthritis cases. This is a form of obliteration of small arterioles
within the stroma of the synovium, as a result of intimal cell proliferation
(Fig. 5). Also accompanying this proliferation are varying degrees of
collagenization. Both result in subtotal to total obliteration of the vascu-
lar lumens (see Fig. 5). Moderate vessel thickening also occurs in rheu-
matoid arthritis, but the obliterative vasculopathy as just described sug-
gests Lyme arthritis. This would be especially true in synovial biopsies or
excisions in an area that is endemic “:)cr Lyme disease. Clinically mani-
fested synovitis has usually been present within a range of weeks to many
months before biopsy or excision, and thus we do not know if there is
active inflammatory vasculitis with fibrinoid and nuclear debris around
and within these vessels at an earlier time. This microvascular oblitera-
tion possibly occurs at some point following a postulated more actively
inllamed vessel, which would be demonstrated if the synovial tissue were
sampled soon after the onset of synovitis. Even with limited excisions, we
have seen these vascular changes upon careful examination. In some
cases the cell proliferation is accompanied by an increase in adventitial
colls yielding a vessel that has the (onion skin) appearance of vessels in
the spleen of patients with lupus erythematosis. Even in a small, limited
synovial sampling such as a transcutaneous biopsy, the combination of

700 Paur H. Dunay

Figure 5. Endarteritis obliterans in Lyme synovitls. Trichrome stain 400X

obliterative microangiopathy with fibrinaceous stromal deposition
would be highly suggestive of the presence of Lyme arthritis. The ma-
jority of tissue samples will show deposits of hemosiderin scattered
throughout, particularly in the deeper stroma. Mast cells are particularly
prominent in areas of edema and in the deeper stromal regions, some-
times situated around vessels.

Spirochetes are seen in varying sites in the synovium in some cases.
Despite careful search with appropriate silver stains, the organisms are
not always demonstrated. Neither are they in great numbers as in other
infectious microbial processes. They are found in the deeper collagen
regions of the synovium, the immediate subsynovial layer of the stroma,
and in areas of edema. Rarely one can find a spirochete in the vascular
endothelium of the synovium or in a perivascular location (Fig. 6). No
correlation with extent of disposition of the spirochetes is found with the
lymphoplasmacellular infiltrate.

While none of the following features are diagnostic or specific for
Lyme arthritis, if occlusive vessels are accompanied by prominent villous
fibrin depositions (even up to 50 per cent of the tissue sampled), then
Lyme arthritis should be considered. This is particularly true if the fi-
brinaceous deposition occurs in a subsynovial membrane and stromal
location, in comparison with fibrin deposits occurring on the surfaces of
the villin in Reiter's disease and rheumatoid arthritis. In limited synovial
biopsy as well as in selected cases, fibrinaceous stroma may not be
present and the lymphoplasmacytic villous hypertrophy may be the pre-
dominant change; lymphoplasmacytic villitis is the major histopathology
in a good number of Lyme disease cases.
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Figure 6. Lyme synovitis. Single spirochete in a pericapillary locatfon. Dieterle stain
1000X,

Cunronic CutaNeous INVOLVEMENT

The skin is involved in chronic disease as a consequence of the
continuing presence of the spirochete in deep dermal and subcutaneous
tissues. This may take place over a period ranging from many months to
several years,

AcropeaMaTITIS CitroNica ATroriicans (ACA)

ACA isa peculiar, chronic, long-term Lyme dermatosis defined clin-
ically as a purple, red-rubor discoloration of the skin, generally of the
acral limbs, hands, wrists, forearms, elbows, or ankles and lower
legs.23.6.41.13 The peculiar rubor may be seen with a shining character to
the skin surface. There is an early hypertrophic phase and a later atrophic
phase wherein the underlying vessels are prominently displayed through
the atrophic skin. ACA is more often seen in Europe than in the United
States, generally occurring in the older patient, However, we have en-
countered this lesion in the United States. Rarely a peripheral neuropa-
thy, that is, sural, ulnar, or radial, may coexist with the limbs involved by
ACA, and again this occurs more commonly in Europe than in the United
States.*® Organisms have been cultureJ and demonstrated directly
within the dermis of ACA.%!® The histopathology is nonspecific, but
vather distinctive. The dermis is modestly thick with sheets of polymor-
phic inflammatory cells diffusely involving the entire dermis and infil-
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trating into the underlying hypocuticular fat in the hypertrophic phase
of ACA, while the atrophic phase has hyperkeratosis and varying degrees
of epidermal atrophy with loss or reduction of rete ridges. The dermis
shows a characteristic dilatation of the dermal vasculature with widely
dilated vascular lumens. Lymphocytes, plasma cells, macrophages, and
mast cells are present in a mixture of the intervening dermal collagen
(Fig. 7). Sporadic vessels will show occlusive vasculitis.

Morenea (LocaLizep or Lingar SCLERODERMA)

The dermis in this condition resembles that of scleroderma (Fig. 8).
An increase in collagen thickens the dermis beyond the level o% the
eccrine sweat glands, extending into the subcutaneous fat both in sheets
as well as expansion of the fibroseptae which support the subcutaneous
fat. Scattered collections of lymphocytes will be seen in the dermis of the
morphea-like lesions and may be accompanied by collections of lymph-
oid cells in the subcutaneous fat. Plasma cells will also be present irregu-
larly scattered around deep dermal vessels. Morphea as a consequence of
chronic Lyme disease does not differ appreciably histologically from
morphea Xue to other causes including tEe idiopathic form.,
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Fignre 7. Acrodermatitis chronica atrophicans showing dermal inflammation. Many
mast cells were seen in this example.




Ihstoratnorocy oF Crnicar, Puases oF Human Lyme Disgase 703

Figure 8. Lyme scleroderma (morpheaform). Hematoxylin and eosin 100X,

EosinorsiLic Fascuris

Two patients have been seen, one in Europe, where the clinical
presentation of both patients was that of eosinophilic fasciitis. This in-
volves a linear segment of skin with palpable thickness, with a tendency
to be “hide-bound’ as in linear morphea with some degree of pain and
discomfort. Common locations are the lower extremities, and one case in
the author’s experience was on the forearm. The skin is drawn taut, with
some erythema. Histologically, the epidermis was within normal limits
while the dermis showed marked scleroderma-like thickening which
extended into the subcutaneous fat, just as in morphea. Scattered aggre-
gates of lymphoid cells and plasma cells distributed in a perivascular
configuration with endothelial cell swelling and occlusion was seen in
one case, which can also be seen in ACA (Figs. 9 and 10). Lymphocytes
and plasma cells are found in the pannus. The fascia overlying the mus-
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Figure 9. Changes of vasculopathy seen in chronic skin infection of acrodermatitis
chronica atrophicans (ACA). Note the loss of the lumen (right).

clesis thickened, with edema, plasma cells, macrophages, and occasional
eosinophils. Lymphocytes are found in a perivascular location, and scat-
tered lymphocytic aggregates are seen in the interstitium of the subja-
cent skeletal muscle. There is probably some overlap between eosino-
philic fasciitis and morphea, because tf\e histologic teatures are nearly
identical as regards the dermis and inflammatory response including
plasma cells.

LicHEN ScLEROSIS

Lichen sclerosis et atrophicus can now be added to the list of chronic
cutaneous Lyme disease eftects, although this is not a common manifes-
tation.! Clinically these lesions look like lichen sclerosis in other clinical
circumstances, and histologically the amorphic, edematous appearance
of the collagen in the upper dermis is also similar. Lymphocytes and
plasma cells are again seen in the deeper dermal regions below the area
of edema and hyalinosis. Plasma cells are also found around thickened
dermal capillaries and other small vessels. There may be more lymphoid
cells and plasma cells in the perivascular location in Lyme cutaneous
lichen sclerosis compared with other forms, but more experience witl
this interesting expression of Lyme discase is necessary to be certain,
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Figure 10. Left figure shows obliterated vessel in the subcutaneous fat. Spirochetes
were seen in the upper dermis in this patient (right figure), and isolated in culture.

ULnar Fisrous NobuLes

Ulnar fibrous nodules have not been seen in the United States Lyme
cases to our knowledge, but seem to be more common in Europe, partic-
ularly West Germany and Scandinavia. These consist of subcutaneous
firm fibrous nodules especially over the outer aspects of the elbows, and
have a high association with concurrent acrodermatitis (ACA)."3%¢ They
may resemble rheumatoid nodules and tophi clinically, but differ some-
what in the texture of the fibrous nodules which are firmer. They may
also occur near the elbow joints. Histologically they are composed of
thick collagen bundles, with few fibroblasts in the intervening areas
between the bundles. The vessels again show, in selected areas, mononu-
clear cells in a perivascular distribution, with vascular occlusion similar
to those seen in Figure 8. Despite the implication of chronic scarring and
collagenization, plasma cells still can be found.

Lympruanenosis Beniena Cutis (LABC)
1.LABC was discussed in the acute disease section and also mentioned

here Ioause the lesion may be one of duration beyond 6 months. LABC
has heen connected with Lyme disease in Europe for the past several
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years, and is recognized to be a Lyme lesion in Europe. Its association
with a tick bite history was also known historically in Europe. In Europe
as stated previously, the classic location for Lyme LABC is the head and
face, particularly the inferior ear lobes. Recently, involvement of the
breast and axillary skin has been reported by Asbrink.* This is manifested
by persistent, long-standing erythema and swelling. LABC is a form of
cutaneous lymphoid hyperplasia, a lesion that has multiple etiologies
including chronic antigen presentation. Spiegler-Fendt sarcoid, an old
term, also fits the hislo%ogic changes seen in nonLyme LABC and Lyme
LABC. The chronic form of Lyme LABC, like the acute-stage form, also
consists of an intact overlying epidermis and a dermal expansion by
proliferative lymphoid follicles with well-delineated germinal centers
and varying thicknesses of the peripheral mantle zones. This can occupy
an expanse of the entire dermis which yields the enlarged clinical lesion.
The cells appear benign. In our experience, plasma cells have not been

articularly plentiful but they can be found. This histologic pattern simu-
ates the germinal centers as found in follicular hyperplasia of lymph
nodes, tonsils, and even the appendix.

Concerr oF LYME Disease as A VascurLoraTny

None of the vascular changes seen in Lyme disease thus far have
shown convincing evidence that this borreliosis is a form of classic, ongo-
ing inflammatory vasculitis as the concept of vasculitis is ordinarily un-
derstood and described, as for example in Wegener's granulomatosis,
polyarteritis nodosa, Churg-Strauss allergic vasculitis, and other forms ol
systemic vasculitis.'®7 Neither have any changes resembled leukocyto-
clastic vasculitis, and anaphylactoid purpura. Changes of necrotizing
vasculitis as seen in many other states are conspicuously absent. Also, the
fulminant pathologic signs of syphilitic cutaneous vasculitis or vasculitis
in syphilitic lymph nodes have not been seen in Lyme disease, but wider
experience may prove this to be wrong. Despite this, there is strong
evidence in certain tissue sites that a vasculopathy exists (see Figs. 5, 9
and 10), and that some histologic lines of evidence suggests that there
had been more inflammation previously. Very little direct damage is seen
in the dermal vasculature during acute EM, although there is a nonspe-
cific endothelial cell swelling accompanied by an infiltrate that is imme-
diately adjacent to the outer wall. The basement zone between the endo-
lhelia{cclls and the stromal matrix appears intact; however, because no
red cell extravasation has been seen in any EM case in the author’s
experience.

VascULOPATHY IN DISSEMINATED DISEASE

The microvasculature of the grey matter of the cerebral cortex near-
est the leptomeningeal lymphocytic infiltrate have shown similar endo-
thelial cell swelling with rare lymphoeytes in the endothelivm and vicin.
ity. Myocardial vessels in Lyme carditis show more evidence of a form of
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vaseulopathy but notin limited right heart biopsies by transvenous cath-
elerization. In one terminal case, the periadventitia was seen to show
hypercellularity with beginning bands of collagen fibers in several me-
divm sized vessels (see Fig. 4). The best evidence for vasculopathy comes
from chronice, persistent ﬁ"esions. A rather characteristic form, as stated
previously, can be seen in from 20 to 30 per cent of long-standing Lyme
arthritis cases with easily visible occluded vessels. Chronic cutaneous
involvement including acrodermatitis chronica atrophicans, morphea,
lichen sclerosis, and ulnar fibrous nodules, all show varying forms of
vascular damage. Occluded vessels can be found in most of the above
examples with the exception of Lichen sclerosis. In some ways the lesions
of ACA show lymphocytic and fibrous vascular occlusion within the
dermis, somewﬁal reminiscent of the lymphocytic vasculitis seen in
Mucha-Habermann disease. However, red cell extravasation (especially
at the dermal-epidermal zones and the epidermis as occurs in Mucha-
Habermann disease) has not been seen.

SpeECULATION ON THE HISTOPATHOCENESIS

It is now clear that the presence of the spirochete directly within an
organ site can elicit an immune and cellular response. Lyme borreliosis is
an inllammatory state, and inflammatory cells correlate with the pres-
ence of B. burgdorferi or its products at the ti-cue site. Autoimmunity,
however, can be postulated to be a factor incl.. .ic disease. S irochetes
have now either been cultured or directly demonstrated by silver stains.
The spirochetes are extracellular, and are often in the interstitial spaces
or fibrous stroma of a given site. We have on rare occasion seen them
within the endothelial cytoplasm or the perivascular regions, particu-
larly in the synovium of arthritis patients.

There is phagocytosis occurring in the immediate period of inocula-
tion in the skin by neutrophils, histiocytes, and possibly other cells.
Those spirochetes that survive the initial phase of phagocytosis go on to
cstablisﬁ infection and eventual dissemination, which seems not to occur
in all patients. The cellular immune response within the tissue sites
consists largely of prolymphocytes and adult lymphocytes and plasma
cells. In skin and synovia, antigen-presenting dendritic cells, macro-

yhages, and mast cells are also important participants. Directly within
‘ymph nodes and the spleen, there is a brisk immunoblastic response,
which thus far appears to be more accelerated than in other infectious
diseases that we have experienced, due to the presence of collections of
cytologically atypical immunoblasts. However, Epstein-Barr virus infec-
tions can also do this. This splenic and lymph node immunoblastic re-
sponse can simulate early neoplasia, and correlates with B-cell stimula-
tion and transformation. These transformed B cells appear atypical and at
times pleomorphic, and we have demonstrated that they contain IgG and
1M and k and A light chains, but not IgA. This humoral and cell immune
response could he a reaction to the surface antigens of the outer coat of
the organisms. The antigens are comprised of at Teast 30 proteins which
vary in their molecular weight. Commaon ones include 30, 31,32, 34, and
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41 kilodaltons. Barbour has shown that the proteins may be maximally
expressed at certain times and under certain circumstances. These are
variable major proteins which are expressed under different circum-
stances. As in relapsing fever (Tick-borne borreliosis, B. hermsii), the
major variable proteins can fluctuate. Some of these surface antigens are
immunogenic,and as they are recognized and processed as antigen, the
immune system responds with specific antibodies. Antibody binding,
followed by phagocytosis and intracellular killing of the spirochete may
terminate the infection and lead to recovery. However, if a few orga-
nisms escape immunoreactivity by expressing genes that encode for Sif-
ferent surface proteins, it is possible, and quite likely, that disease exac-
erbates because the immune system does not immediately recognize this
new antigenic phenotype. There is evidence that the same mecﬁnnism of
variable m?or protein phenotypic expression is occurring with B. burg-
dorferi, and if so, may account for reactivation of the spirochete after a
seeming recovery months to years later, and which then leads to some of
the chronic infections. Perhaps repeated expression of different genes
with different Khenotypes over a period of years leads to the seemingly
unrelated and bizarre neural and cutaneous manifestations, This is quite
different from the mechanisms of second and third stage syphilis, in that
T. pallidum merely continues in the same target organ such as the brain,
yielding a predictable histopathologic lesion. B. burgdorferi on the other
hand, may have dormant and reactivation periods with subsequent im-
munologic secondary damage to organs and systems.

The Lyme spirochete has a predilection for central and peripheral
neural tissues, especially in European patients. With continuing infec-
tion, demyelination is thought to occur in some humans. Demyelination
may result from immunologic cross reactivity directed against variable
major protein in a given infection. Regardless, demyelination does seem
to be fundamental to many of the neurologic manifestations in chronic
L{me neural infections. At this stage the microvasculature in the vicinity
of the peripheral nerves and within the nerve segment are damaged and
associated with plasma cells. In the United States, chronic manifestations
are most likely to induce arthritis and synovitis, rather than central and
peripheral nervous system effects, although neural involvement does
occur in the United States. It remains to beseen whether these tissuessite
prevalence differences are spirochete related or not.

Additionally, it is possible that some component(s) of organ and
systems damage occurs Eecause of the vasculopathy on an immune basis.
Although spirochetes can be found in the endothelium and probably
directly damage vessels themselves, the late stages of vascular damage
could be a result of some form of continuing immune complex adher-
ence. Eventual occlusion of the vessels then occur. Why this endarteritis
obliterans is not seen in all patients, however, is not known. Perhaps
given differences in B-cell allohaplotypes from case to case, there mig‘nl
be a difference in immune-complex production and circulation. Regard-
less of which pathway is operative and is responsible for the clinical
pathologic syndromes, we believe the persistence and possible reactiva-
tion of B. burgdorferi over time is responsible for the immunologic re-
sponse which then leads to organ and systems damage. The continuing
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development of animal model systems for study of this important borre-
liosis will be major steps in answering the many unknowns.
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Fig. 4. Case I: muscle biopsy specimen (right rectus femoris muscle, electron microscopy). In the sub-

sarcolemmal region of a muscle fibee, a nucleus and autophagic vacuoles (v) are present. Directly beneath

the surface of the muscle fibre in the intercellular space are extracellular eleciron-dense lysosomes (matrix
granules) (x). Original magnification, x 14000.

spherical microparticles in the neighbourhood of inflammatory infiltrations (Fig. 4).
Immunohistological staining indicated that most lymphocytes were B cells and T4
helper cells. Only a few cytotoxic T8 cells were visible. Many lymphocytes expressed
DR-antigens, while some expressed interleukin-2 receptors. Cultivation of Borrelia from
the muscle and attempts to visualize Borrelia by silver staining (de Koning et al. 1986)
and immunohistological staining were not successful. Polyclonal rabbit antibodies
against B. burgdorferi were used as primary antibodies, These antibodies were immuno-
enzymatically labelled using immune complexes of alkaline phosphatase and monoclo-
nal anti-alkaline phosphatase (APAAP) complexes. Skin biopsy showed typical
features of acrodermatitis chronica atrophicans, with atrophic epidermis, effacement of
the rete ridges, diffuse dermal infiltration of mononuclear cells, particularly lympho-
cytes, fewer histiocytes and plasma cells in the upper and middle layer of the corium,
oedema in the corium, and loss of elastic fibres in the upper corium.

Before admission to our hospital, the patient received 2 megaunits of penicillin
per day parenterally over 4 days. She was treated with intravenous penicillin G,
20 MU/day for 10 days. As improvement was not satisfactory 8 weeks after therapy,
we additionally administered 200 mg minocycline for 10 days followed by 100 mg
minocycline per os for 2 weeks.

After completion of the therapy, a second biopsy was taken from the right rectus
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femoris, Compared 1o the first biopsy, infiltrates were now less numerous; only few
basophilic fibres with internal nuclei and granular changes were seen. Follow-up exami-
nations were done repeatedly over an 8-month period. Muscle weakness slowly
improved; the last investigation showed normal neurological findings. All tendon
reflexes were brisk. Acrodermatitis chronica atrophicans disappeared, except for some
teleangiectasia and apparent skin atrophy. H waves (m. soleus) had shorter latencies
(40 msec on both sides) than before. On EMG, no myopathic pattern and spontancous
activity were detectable at this time. Antibody titres declined significantly (1gG 1:256,
IgM 1:128).

Case 2

A 61-year-old man noticed swelling and redness with hyperthermia in the malleo-
lar region of his right leg. In the course of 1 year, the exanthema extended and finally
covered the whole leg. He reported tenderness in the leg and hypersensitivity to pressure,
There was also slight pain in the lower back, but without spreading to the legs. The
patient could not recall a tick bite. In his youth he had suffered from hay fever and later
from bronchial asthma. Over the last 10 years there had been no signs of allergic
diathesis, except swollen eyes during hay harvest.

Clinical investigation revealed swelling of the whole right leg with a brown-bluish
discoloration, particularly on the extensor surface. All neurological flindings were
normal,

Venous thrombosis was ruled out by phlebography before admission Lo our
hospital. Motor nerve conduction velocities of peroneal nerves and the sensory nerve
conduction velocity of the lefl sural nerve were normal. On the right side, no nerve action
potential of the sural nerve could be evoked. EMG showed normal findings in the right
quadriceps and tibialis anterior muscles. In the medial head of the right gastrocnemius
muscle, positive sharp waves were visible, while action potentials and interference
patterns were normal. A complete blood count showed a slight increase in eosinophilic
granulocytes, to 5 and 8% (normal range 1-4%). The erythrocyte sedimentation rate
was 4 mm/h. IgE content was 1.80 g/l (normal below 1.00g/l), and IgG 14.22 g/l
(normal range 7.80-15.30 g/1). IgA and IgM levels were also normal. CK varied between
47 and 201 U/l (normal range 10-80 U/1). The amount of immune complexes measured
by using the Clq-binding technique was elevated to 24%, (normal below 10%).

Indirect immunofluorescence assay detected IgG antibodies to B. burgdorferi in
a concentration of | ;4096 (normal below 1:64). The IgM titre was non-reactive. The
cerebrospinal fluid/serum IgG index was normal. Protein content in the CSF was
elevated 1o 0.79 g/l (normal range below 0.5 g/l). The Treponema pallidum haemaggluti-
nation test was non-reactive. The patient was HLA-CW3 positive.

Magnetic resonance imaging of the lower legs showed high signal intensities in
the medial head of the right gastrocnemius muscle, almost exclusively in T2 weighted
images (Figs. § and 6). Thesefindings indicate an increase in intramuscular fat combined
with oedema in the right gastrocnemius muscle (Schalke ct al. 1987). An en bloc biopsy
was taken from the medial head of the right gastrocnemius muscle and the adjacent
fascia and skin. Infilirates consisting of lymphocytes, lymphoid cells, histiocytes and



Fig 5 Case 2: MR1 of the lower legs (TR 1600 msec/TE 30 msec; before therapy). Only slightly increased
<ignal intensities in the medial head of the right gastrocnemius muscle {left side of the figuie)

plasma cells were present in subcutancous lavers, in fascia and in the muscle. There were Fig. 7. Case 2: muscle and fascin biopsy specimen (medial head of the right gastrocenius niusclel hmphn
no eosinophilic gr;mulm.‘vlcs We found infiltrates localized PfL’ll\llllln.ln”\ m the mstineytic infiltration of the fascia and the muscle with bchqn_ing degeneranon of muscle fibres and sonw
g : fibre sphitting. Hacmatoxylia and cosin: original magnification, x |an

penmi sium near the fascia, but also in deeper layers of the muscle tissue. Most ol the
cidomy siad infiltrates were situated around small vessels, spreading mta the neigh-
honnmg tissoes. Fibre degenerition wis seen vlase to the infiltrites. Abowt 3% ol all
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fibres were necrotic; the remaining muscle fibres were normal. Immunohistological
findings were identical to those in case 1. The infiltrates consisted of many B lympho-
cytes and T4 helper cells, many of them expressing HLA-DR antigens and a few
interleukin-2 receptors, Only a small number of cytotoxic T8 lymphocytes were visible
in the endomysium. None of them invaded muscle fibres. Electron microscopy of the
inflammatory fields showed the presence of activated histiocytes, often resembling
epitheloid cells. Features of activated macrophages included abundant cytoplasmic
processes, numerous mitochondria and electron-dense lysosomes. Attempts to isolate
Borrelia from muscle tissue were unsuccessful. Staining methods, as described incase 1,
failed 1o demonstrate Borrelia in muscle tissue.

Histopathological examination showed a thinned epidermis with obliterated rete
ridges. There were perivascular infiltrates, consisting of lymphocytes, histiocytes and a
few plasma cells, particularly in the upper corium, but also in deeper layers. Elastic fibres
in the upper corium were rarefied. B. burgdorferi could be isolated from skin culture in
a modified Kelly medium (MK-B-medium). The patient was treated with 3 x 2g
Cefotaxim for 5 days and then with 2 x 2 g CeRriaxon for 9 days. Discoloration and
swelling of the skin vanished almost completely within 3 months. 1gG antibody titre
against B. burgdorferi declined to 1:2048. MRI revealed lower signal intensities in the
medial head of the right gastrocnemius muscle than in the first examination.

Case 3

This patient was a 36-year-old man. After a picnic outing he developed erythema
migrans. The rash lasted about 14 days. He then developed fever, chills, tiredness,
headache and myalgia, which were accompanied by profound muscle weakening. He
complained about not having been able to get out of bed in the morning. Because of
the flu-like symptoms, he finally consulted a physician, who diagnosed Lyme borreliosis.

On physical examination the right thigh muscle was swollen, tense, and painful,
Serological examination by immunofluorescence showed reactivity for Lyme spiro-
chaetal 1gG antibody at 1:516. CK was 410 U/l (normal range 37-289 U/l). A deep
muscle biopsy of the right thigh was performed showing the following pathologic
changes: skeletal muscle fibres were largely intact. Abnormalities were confined to the
regions of the small veins where lymphoplasmocellular infiltrates were seen clustered
around vessels both inside and outside of the muscle fibre groups.

Following a 21-day course of oral penicillin, only 1 g/day in divided doses, the
patient's myalgia and weakness improved clinically and he was able to return to work.
However, his serum titre of 1:516 remained positive at the last test.

Case 4

A 37-year-old man gave a history of a tick bite in summer of 1987, which was
not followed by a rash, but was accompanied by nausea and a headache approx. | week
in duration. The symptoms disappeared spontancously, and in the course of the next
year he had transient and intermitlent periods of muscular weakness and of “not feeling
well”. The weakness and constitutional symptoms usually lasted about 4 days, afler
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which he felt better without having any treatment. After 12 months he had the impres-
sion that his lower lelt extremity was weaker than before. Neurological examination
showed no signs of neuropathy. The erythrocyte sedimentation rate was elevated at
37 mm/h. IFA titre for Lyme spirochaetal IgG antibodies was 1: 128. The total CK was
400 units per liter (normal 37-289 U/1). A deep muscle biopsy from the right quadriceps
femoris muscle showed a slight decrease in individual muscle fibre size, but no fibre
group atrophy. However, some of the striations were poorly visible. Lymphocytes and
plasma cells were found especially near the junction of striated muscle and the sub-
cutaneous fascia, but also between muscle fibres. Electron microscopy could not be
done, due to the submission of a very small muscle biopsy specimen.

DISCUSSION

This report confirms that some patients develop clinical symptoms of pain and
weakness in muscle groups during the course of 8. burgdorferi infection. This myalgia
and weakness appears (o be distinct from the effects incurred from Lyme peripheral
neuropathy. Therefore we believe that Lyme myositis is a distinct clinicopathologic
lesion, independent of the neuromuscular effects of isolated Lyme-associated peripheral
neuropathy. Our experience demonstrates that B. burgdorferi myositis can develop very
soon after infection (patients 3 and 4), but also months or years later (patients | and 2).

In 2 cases, high IgG antibody titres suggest B. burgdorferito be the causative agent
of the disease. In the other 2 cases, the Borrelia etiology is confirmed by the finding of
IgM antibodies against a specific B. burgdorferi protein (pC) (Wilske et al. 1986) in
case | and of positive culture from the skin in case 2. The finding of high 1gM antibody
(itres is unusual in late manifestations of Lyme borreliosis. False positive reactions due
to rheumatoid factor (RF) activity were excluded by prior absorption of RF with anti
1gG serum (Wilske et al. 1984).

Signs of neuropathy may (patients | and 2) or may not accompany the myosilis.
Including Schmutzhard's patient (Schmutzhard et al. 1986), 4 of the § patients suffering
from myosilis also showed skin involvement at one time or another: erytlhema migrans
in early stages and acrodermatitis chronica atrophicans in later stages. CK may or may
not be slightly elevated.

Histopathologically, B. burgdorferi myositis has been identified as a focal nodular
myositis in the cases 1 and 2, and as merely interstitial myositis in the cases 3 and 4
(Adams et al. 1967, Pongratz and Pilz 1988). Schmutzhard's case and Atlas's cases also
fulfilled the criteria of an interstitial myositis. The infiltrates consist of lymphocytes with
scattered plasma cells either within the muscle itself, exterior to muscle bundles in the
perimysium, or near the fascial junctions and subcutaneous fat. In these few cases we
are unable to detect vascular thrombi or vasculitis in the vessels of the muscles. Electron
microscopy revealed ultrastructural changes in histiocytes in an activated stage, which
are unusual in the dermatomyositis-polymyositis group. High percentages of B and T4
lymphocytes, the low number of cytotoxic T cells and the absence of actual muscle fibre
invasion by lymphocytes in inflammatory infiltrations, indicate that, as in dermato-
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myositis, Borrelia myositis is predominantly due to a local humoral response {Arahata
and Engel 1984; Engel and Arahata 1986). It may be a form of autoimmunity initiated
by the presence of spirochaetes themselves or an antigen that spirochactes release during
their metabolism. Cultivation of spirochactes in these muscle biopsies was not success:
ful, but the lack of detection does not exclude the fact that spirochactes were present
in other portions of the muscles of these patients. It is known that these organisms are
nol found in large colonies, but are randomly distributed in sparse numbers in human
lissues. The spherical microparticles in muscle fibres of case 1 are remarkable. This
seems to be a unique finding. They probably contain accumulations of cellular debris
(Ghadially 1985).

Biopsy findings in patient 2 revealed additional panniculitis and fasciitis. Septal
panniculitis in Lyme disease has recently been described by Kramer and co-workers
(1986). The fasciitis was not typical of eosinophilic fasciitis (Shulman's syndrome) as
commeon features of this disease, such as pains, a feeling of stiffness, or induration of
the skin (Simon et al. 1982), symmetrical involvement of the limbs (Lupton and Goette
1979), accelerated sedimentation rate, elevated serum IgG and eosinophils in the fascia
(Simon et al. 1982), were lacking. Hitherto there have been only few reports aboul
fasciilis in B. burgdorferi infection. Stanek and co-workers (1987) presented a case of
eosinophilic fasciitis. However, Ferradini et al. (1987) doubted that it was really a case
of Shulman's syndrome as eosinophilia in the blood and fascia and 1gG hypergamma-
globulinaemia were absent. Duray (1987), Grahmann et al. (1987), and Sepp and
co-workers (1988) reported 1 cases that had some but not all of the features associated
with Shulman's syndrome, thus indicating that some hypodermal and fascial lesions in
Lyme borreliosis are “Shulman-like", without actually being the syndrome of diffuse
fasciitis with eosinophilia.

Both cases tested for human lymphocyte antigens (HLA) were CW3-positive.
HLA-CW3 has been proven to be associated with an increased susceplibility to
B. burgdorferiinfection (Pfager et al. 1988). This may partly account for the exceptional
complications of patients 1 and 2. In 3 of our 4 cases, antibiotic therapy cured the
clinical signs or the infectious process, but the antibody titres remained reactive. In one
case the outcome is unknown.

Lyme borrelial myositis must be aken into consideration, especially il
B. burgdorferi infection has been proven and the patient complains about localized
myalgia, muscle weakness or swelling. Lyme myosilis represents another component of
a continuously expanding infectious syndrome complex.

NOTE ADDED IN PROOF (Received 26 April, 1989)

After return of the proofs of this paper, one of us (J. de K.), by means of silver
staining, succeeded in detecting @ few spirochetes in the muscle tissue of our cases )
and 2. The length of the bacteria was al \east 16 um. Shapes and coilings were the same
as those of Borrelia burgdorferi.
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European erythema migrans and North American Lyme borreliosis, like synhilis,
affect the nervous system, B. burgdorferi as well as related European Borrelia strains
tend to persist in this organ and induce chronic diseases, as does 7. pallidum.

Nervous system involvement in the form of meningitis occurs in the second stage of
syphilis. During the second stage of tick-borne borreliosis, analogously, we see
meningopolyneuritis. In tertinry syphilis, the central nervous system is implicated by
parenchymatous inflammation or vasculitis, Recent observations have shown (hat
there exists a tertiary borreliosis which also involves the parenchyma of the central
nervous system."*

This remarkable late neurologic manifestation of Borrelia infection shows a
disseminated encephalomyelitis. Severe defects are frequent. Because of its nonspecific
appearance it remained unknown to us in our sophisticated medical age for a long time.
In contrast to syphilis it does not display distinct entities such as tabes dorsalis, general
paresis, optic atrophy, or cerebrospinal vasculitis.

For the same reason it can be classified only by its symptomatology as mostly spinal
or multiple-sclerosis-like and as mostly cerebral (TasLe 1). We probably still have
much to learn about the clinical spectrum. Diagnosis can easily be missed If we do not
look for intrathecally synthesized Borrelia antibodies. In order to prevent defects,
however, early diagnosis and therapy are necessary.

Besides this progressive borrelia encephalomyelitis, we must consider further
tertiary manifestations of the nervous system: sensorimotor polyneuritis associated
with acrodermatitis chronica atrophicans is well known in Europe. How often the
central nervous system is involved simultancously is still unknown.

As a further tertiary manifestation, we recently observed a latent, mostly subclini-
cal borrelial infection of the nervous system in patients who had had meningopolyneu-
ritis many years carlier.”

We report here on 48 cases with tertiary neuroborreliosis, 44 with progressive
borrelia encephalomyelitis and four with latent tertiary neuroborreliosis seen between
1985 and 1987 in the Federal Republic of Germany.

MATERIAL AND METHODS

The patients were seen in our clinic o in one of 18 other neurologic departments of
the Federal Republic of Germany, which kindly provided us with climeal dala
16
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TABLE 1. Tertiary Neuroborreliosis: Classification

1. Progressive encephalomyelitis
A. Mostly spinal (MS:like)
B. Mostly cerebral (multifocal encephalitls or psychosis)
11, Polyneuritis (ACA-associated)
111, Latent infection (subclinical)

Antibodies against /. ricinus borrelial strain N 34 were determined by a modified
ELISA." In order to demonstrate intrathecally synthesized Borrelia antibodies, we
compargd the antibody activity of CSF and serum per weight unit IgG. If a locally
synthesized fraction Is present the observed CSF value is higher and the serum-CSF
difference reflects the intensity of the antibody production in the central nervous
system. This method circumvents the calculation of ratios and also takes into
consideration the barrier permeability.'®

RESULTS
Progressive Borrelia Encephalomyelitis

?rogr_essive borrelia encephalitis was diagnosed on the basis of neuropsychiatric
findings, inflammatory alterations of the CSF, and in all cases intrathecally synthe-
sized Borrelia antibodies. The average age of the 44 paticnts (24 male, 20 female) was
45.4 years. The youngest patient was 7, the oldest 79 years old. Most of the paticnls
(57%) were in their fifth or sixth decennium (FiG. 1).

At the time diagnosis was made the illness had lasted seven months to 12 years,
with a mean duration of 2.8 years (Fia. 2). In seven of the cases the duration was less
than | year, but in none of the cases less than 7 months. When the infection took place
could not be defined in most of the cases. Only five patients (with histories of 9 months

N=44 24m[] 201 average age 45 y. (7-79)
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FIGURE 1. Progressive Borrelia encephalomyelitis: age duration
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FIGURE 2. Progressive Borrelia encephalomyelitis: duration (n = 44).

and 1, 3, 4, or § years, respectively) reported symptoms at the beginning of their iliness
consistent with meningopolyneuritis Garin-Bujadoux-Bannwarth. None of the patients
remembered an erythema chronicum migrans or other diseases typical for borreliosis,

The patients frequently complained of gait difficulties, ataxia, bladder dysfunc-
tion, visus disorders, hypacusis, or feeble memory and mental concentration. The most
frequent wrong diagnoses were tuberculous meningoencephalitis, multiple sclerosis,
and viral encephalitis.

Physical examination was normal, with the exception of two male patients 15 and
18 years old who had been sick since ages 5 and 8 years. They both showed retarded
growth and sexual development. The older one also showed kyphosis of the spine.

Neurologic examination revealed signs of cranial nerves in 22 of the patients.
Retrobulbar neuritis with visus impairment showed in four patients, engorged pupilla
with visus deficiency in one patient. Most frequent were facial palsics, mosily
unilateral, and impairment of hearing, mostly bilateral, in 12 patients each. Involve-
ment of the n. oculomotorius with diplopia and palsies of the n. glossopharyngicus and
n. hypoglossus were rare.

TABLE 2. Progressive Borrelia Encephalomyelitis: Clinical Signs (n = 44)

Cranial nerve palsies
1}

5
" 3
Vil 2
Vil 2
X I
X |

Para- and 1etraspastic pareses 29

Flaccid pareses 2

Sensibility disorders 9

Bladder dyafunclion |

Ataxia

Dysarthric speech 5

Scizures 3

Retarded growih 2

Retarded sexusl development 2

Organic mental disorder 14
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The most frequent neurologic signs were para- and letraspastic pareses, which
showed in two-thirds of the 44 patients (TasLE 2). Twelve of these 29 patients had only
slight pareses, but 17 showed distinct or severe spastic pareses causing gait disturban-
cies and demanding crutches. Slight hemipareses, mostly transitory, were seen in four
cases. In contrast to the motor signs, sensibility disorders were less frequent and mostly
only slight. However, one patient showed a distinct sensorimator transversal syndrome
at TH X1 with urinary bladder dysfunction. Alaxia (in one-third of the patients) was
also a [requent sign, caused in part by spasticity or sensibility diserders. Additionally,
however, four patients showed lateral nystagmus and six patients intention tremor.
Bladder dysfunction, in some cases combined with bowel dysfunction, showed in 10 of
the patients, dysarthric speech in five, and seizures in only three patients. :

Organic mental alterations, combined often with neurologic signs, showed in 14
patients. Twelve of these cases had only slight difficulties with memory and mental
concentration or showed slight alterations of their affectivity. Only two of the patients
had severe mental disorders with dementia-like deficiencies, loss of orientation, and
even altered consciousness,

Electroencephalogram was normal or showed only slow waves or slight dysrhyth-
mias. Cranlal computer tomogram displayed hypodense foci of different distribution in
five of seven cases. Nuclear magnetic resonance showed foci in addition and was
positive in all three cases.

TABLE ) Progressive Borrelia Enchephalomyelitis: CSF Findings® (n = 44)

Cells (per mm’) 145 (1-566)°
Protein (mg/dl) 269 (32-1114)
Antibody titer (per ug 1gG) 147 (8-1024)

“Expressed as median (range in parentheses),

Mononuclear pleocytosis and impaired blood-CSF barrier were predominant CSF
findings (TaBLE 3). Cells, mostly lymphocytes and plasma cells and rarely polynuclear
cells, ranged from | to 566/mm’ with an average value of 145/mm’. Locally
synthesized IgG, 1gM, and IgA could frequently be demonstrated. Oligoclonal 1gG
bands could be demonstrated regularly. All 44 patients, including those with normal
cell and protein content, showed positive Borrelia antibody titer in their CSF.

When antibodies were compared per weight unit 18G in CSF and serum, all
patients showed higher Borrelia antibody titers in their CSF, indicating the presence of
additional antibodies from local synthesis in the nervous system (Fia. 3). The antibody
titer in serum per ug 18G ranged from | to 128 (mean value 20.8) and in CSF from 8 10
1025 (mean value 91.1). The antibody titer in CSF was one dilution step higher in four
cases, two steps in 12 cases, three steps in 21 cases, and four and five steps in three
cases each,

The clinical syndromes of the 44 patients are listed in TaBLE 4.

After antibiotic therapy, the disorders disappeared only partially. Most of the
patients with neuropsychiatric signs before treatment retained to a lesser degree
sequelae such as spastic gait, hypacusis, and slight mental disorders.

However, one of the patients with severe mental disorder and dementia-like
deficiencies recovered nearly completely and was able to work again as a psychologist.
The second patient still has to stay in a psychiatric hospital 2 years after therapy
because of his mental condition, In CSF, first cells and then protein become normal
Antibody titer declines more slowly and is often still positive after | year.
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FIGURE 3. Progressive Borrelia encephalomyelitis: Antibody titer per microgram [gG in serum
and CSF as determined by ELISA (n = 44).

Cells
(per mm’)

s -]
Latent Neuroborreliosis
Four patients with latent Borrelia infection of the nervous system were detected 5
during a follow-up examination or by chance, Three of them had gone through ;g 2002
meningopolyneuritis Garin-Bujadoux-Bannwarth (3, 6 and 12 years earlier) without E Z|2288%
antibiotic therapy. The discases had healed by themselves. One patient showed still < =

slight facial palsy, another loss of Achilles reflexes. The fourth patient had complained
of migrating pain for 6 years, He did not display any clinical signs. CSF of all four
patients showed normal cell count, protein and 1gG content, and in particular no
intrathecally sythesized 1gG as measured by laser nephrelometry, However, all four

patients showed two- to fourfold higher Borrelia antibody titer per g 1gG in CSF than E g.ﬁ
in serum (TABLE 5). E 'E'é 5
3t
8l o7’
DISCUSSION g §3§§ g
a
The recently discovered tertiary neuroborreliosis dillers distinctly from the well- 5 <
known meningopolyneuritis Garin-Bujadoux-Bannwarth of the second stage. The D g
early clinically unique manifestation begins 4 to 10 weeks after the infection and heals " & § g 3m
generally within 4 to 5 months even without antibiotic treatment. Half of the patients ) § - % seler
remember a tick bite or an erythema. In contrast, borrelia encephalomyelitis begins - el d 'g
later and does not heal by itself. The interval between the infection and the onset is Tlh oo g g g
difficult to determine because most of the patients do not remember former borreliosis 2IZTR|8 g
235
Z t8
TABLE 4. Progressive Borrelia Encephalomyelitis: Clinical Syndromes (n = d4) g '2 e gg
Meningitis 4 -1 'g%
Myelitis 29 - &%
Cranial nerve palsies 22 - = 28
Encephalitis 18 ;! § Sleans >': S
Mona- and polyneuritis 2 E L ﬁ“ e
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symptoms. However, five of our patients reported symptoms of a meningopolyneuritis
9 months to 5 years carlier, Obviously pathogenesis is identical with syphilis: infection
of the nervous system during the early generalization can persist and evoke severe
diseases many years later.

Maultilocular symptomatology of progressive borrelia encephalomyelitis resembles
many inflammatory, vascular, and neoplastic discases of the central nervous system,
Severe mental disorders can occur that resemble general pareses, More often clinical
symptoms such as spinal motor signs, ataxia, bladder dysfunction, slight mental
disorders, and in some cases opticus neuritis resemble those found in multiple sclerosis.
Contradictory findings, however, are impaired blood-CSF barrier and higher pleocyto-
sis, which are similar 1o those in tuberculous meningoencephalitis, mycosis, sarcoido-
sis, neoplastic meninglosis, and neurosyphilis. However, as in neurosyphilis, etiologic
diagnosis can be made on the basis of specific CSF antibodies. But in order to prove the
activity of the pathogen in the nervous system the presence of intrathecally synthesized
antibodies must be demonstrated. Indeed, all our patients showed such autechthonous
specific humoral reactions in their CSF, most with high titer.

The utility of CSF findings for diagnosis and evaluation of therapy is well-known
from neurosyphilis. Nearly 40 years ago Dattner, a former coworker of Wagner von
Jauregg in Vienna, and Thomas postulated activity signs of the CSF when they studied
penicillin treatment of neurosyphilis in New York. Because of the similarity of the two
spirochetoses, we believe that such indicators are equally important in neuroborrelio-
sis. Half a year after specific therapy cell count should be back to normal. Also, after |
year CSF protein should be falling or fixed at a low value. In neurosyphilis CSF
antibodies persist even after sufficient treatment for several years, How long intrathe-
cally synthesized Borrelia antibodies can persist has to be investigated.

Four of our patients showed Borrelia antibodies in their CSF as a single finding.
Three of them had a borrelia meningopolyneuritis 3, 6, and 12 years ago. Though not
treated with antibiotics, all four patients displayed no relevant clinical signs. They also
showed no CSF activity, corresponding to the Dattner-Thomas concept. Cells, total
protein, and 1gG values were within normal range. Therefore one can interpret their
CSF Borrelia antibody liters as a harmless residual finding. But intrathecally
synthesized antibodies additionally present in all cases mean that the pathogen is still
active in their nervous system and that the patients have a latent neuroborreliosis.

It cannot be predicted whether this latent infection finally will heal by itself,
remain in a stable equilibrium, or relapse at any time. Therefore, those patients should
be treated specifically and regularly reexamined.

Our observations demonstrate that intrathecally synthesized antibodies are the
most sensitive diagnostic criterion. Using this sign the whole clinical spectrum of
tertiary neuroborreliosis can be explored.
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Tick-Borne Meningopolyneuritis *
(Garin-Bujadoux, Bannwar(h)

RUDOLE ACKERMANN, M.D., PETER HORSTRUP, M.D,,
AND ROGER SCHMIDT, M.D.

Neurologle University Clinic of Coiozne, Federal Republic of Gernany

Recelved November 28, 1983

We sudled 100 patlents with tick-borme menlngopolyneuritis (Oarin-Bujedou, Bann-
warih), the neurologic compotient of European erythema chronleum migrans disense. They
had Intensive radiculsr paln, asymmetric polyneuritls comblned often with unl- or bilateral
(acial palyy, lymphocytle menlagitls without or with only 1light meninglsmus, and & course
Iasting three ta five months, Neurologle abnormalities were preceded by the bite of a tick of an
insect In 37 percent of patlents o by an erythema In 41 percent. In addition, many patients had
extraneural Involvement, such as fever or fatigue. The outcome wis favorable In all cases, and
oceurred faster with antiblotlc treatment, but & few patlents had sllght residusl peripheral ner-
vous system deflcits.

Tick-borne meningopolyneuritis, which occurs In most Buropean countries, Is a
clinlcal syndrome characterized by intense radicular pain, signs of peripheral ner-
vous system Involvement, and chronic lymphocytic meningitis. Compared with most
non-suppurative infections, the signs and course of this syndrome are unusual, Ex-
traordinary features Include the varlety and asymmetry of the peripheral nerve In-
volvement, the absence of meningeal signs in most of the cases, and a course of four
{0 six months. These features caused many errors In the discovery of this disease. It
was assumed that different presentations were different diseases, In addition, the
syndrome was rediscovered several times and given different names such as
Paralysle per les Tiques, Meningo-Myelo-Radlculitls nach Zeckenbiss, Polyradic-
ulonévrite atypique avec hyperalbuminorachie et plélocytose, and Neuro-Radikulo-
Meningo-Enzephalo-Myelitis. Only a few authors were aware of a possible causa-
tive connection with the preceding tick bite and erythema reported by some of the
patients. Today we know that tick-borne meningopolyneuritis Is one manifestation
of erythema chronicum migrans disease, which s a tick-borne gplrochetosis.

Forly years ago the German neurologlst Bannwarth [1,2) tried to establish the
clinical characteristics of the syndrome. The principal signs were Intense radicular
pains, lymphocytic menlingitls without meningeal signs, and involvement of the
peripheral nervous system, particularly faclal palsy. He thought that the preceding
erythema reported by some of his patients was erysipelas. Therefore, he presumed
(hat the disease had a rheumatic etlology. Peripheral nervous signs often slarted in
the reglon of the preceding erythema and paln. Bannwarth called the syndrome
chronic lymphocytic meningitis with the clinical syndrome of neuralgia or neuritis,
None of his patients reported a tick bite. ’

Al the time of Bannwarth's studies, this possible mode of transmission as well s
{he migrating character of the erythema had already been reported in a local medical
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journal about a single case from Lyons, France. At the location of a tick bite the
man had developed a spreading erythema, intensive pain, peripheral parcses of one
arm, and meningltls with a favorable outcome. But this publication by Garin and
Bujadoux in 1922 {3] remalned unnoticed for decades.

Both Hellerst:dm (1930) (4] and Oelbjerg-Hansen (1945) (5] made the connection
between the neurologic syndrome and the preceding erythema which they recognized
as erythema chronicum migrans described at the beginning of this century by
Afzelius [6] and Lipschiiz (7). Oelbjerg-Hansen recommended that physicians ask
patients about preceding tick bite and erythema In all cases of unexplained menin-
goencephalitls.

Schaltenbrand [8] as well as Bammer and Schenk (9] explained the accentuation of
erythema, radicular palns, and multiplex type of polyneuritis, which occurred in the
location of the tick bite, as centripetal spreading of the infection along peripheral
nerves and lymph vessels, Erbalth (10) and Wolf [11] emphasized the seasonal ap-
pearance of the syndrome in summer and autumn as well as lis changing frequency
over the years, They believed that (hese features favored the hypothesls of arthropod
transmission.

In 1973, Horstrup and Ackermann studied the spectrum of this unique syndrome
in 47 patlents {12]. The signs, symptoms, and course show that the syndrome is a
unique nosologlc entity. Additional clinical observations during the past len years
[13] have deepened the knowledge about this multifaceted and protracted disease.

METHODS

This report is based on 100 patients seen al the Neurologic University Clinic of
Cologne, North Rhine-Westphalia, Federal Republic of Germany, between 1956
and 1983. Sixty-four were male and 36, female. Tick-borne meningopolyneuritis was
diagnosed by Lhe presence of prolonged radicular pains, chronic lymphocytic men-
ingitis, and, in most cases, signs and symptoms of peripheral nervous syslem in-
volvement, Before the etiology of the discase was known, (he protracted course and
locally produced IgM In the CSF also supported the diagnosis.

RESULTS
General Characterlstics

Ages of the patients ranged from 12 to 76 years; peak periods were the third and
sixth decades (Fig. 1). Only 27 (27 percent) patients reported a tick bite, 10 (10 per-
cent) an “insect bite,” and 41 (41 percent) a preceding erythema. The onset of the ill-
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ness occurred from February (o December, most commonly in July and August (27
and 25 patients) (Fig. 2). Most of the patients came from in or around Cologne. Ar-
thralgia was reported by one patient and another had a severe gonarthritis at the
same time as the meningopolyneuritis, Patients often had extrancural involvement

such as fever or fatigue.
Radicular Pain and Other Sensory Irritations

fents had severe

Al the beginning of nervous system Involvement, all but four pat
radicular pains, paresthesias, of hyperesthesias, which were the reason for
hospitalization In one-fifth of the patients. During the following weeks the pains re-
mained in the same region, Involved other regions, or moved completely to other

locations.

Peripheral Nerve Lesions

ipheral nervous system abnormalities often started and were most severe in the
rcgr;:nl:shlclhe pains. 'nfey showed no relation to the region of the tick bite and the
erythema. Ninety-one of the patients showed motor and §7, sensory lesions (Table
1). Sensory loss was usually less severe than motor. Four of the patients had only
sensory signs, and five had no neurologlc abnormalities on examination, The lesions
developed over a period ranging from days to a maximum of one month, but late

urrences were not seen, X

mCranlnl neuritls was very common (68 patients) (Table 2), and in 28 o_r the palients
was combined with pareses of extremities. Twenly-two of the patients showed

TABLE )
Pareses and Sensation Disorders

Additionsl Sensation Disorders

lizstion
‘:fm?:ﬂﬂ N Trunk Extremities
Cranisl nerves 40 5 |;
Extremities 22 b
Cranlal nerves
and extremites 0 10 "
Without pareses 9 4
Abdominal muscles 1
Total 100 4 kR)
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TABLE 2
Tiek-Borne Meningopolyneurkls: Involvement of Cranial Netves
(N = 63)
Cranlal nerves 1 i m v v vi yir Vil 1IX-X X1 Xt
Frequency - é ) 1 9 ) 63 ] 4 3 -

pareses of extremities without cranial neuritls, Most common was facial palsy (63
percent), which was bilateral in 27 cases {Table 2). Slight papilla edema was seen in
five of the patients. One had an engorged paplila with hemorrhage. Other cranial
nerves were Involved less frequently.

The pareses of extremities ranged from mild 1o severe. In most of the cases, they
were distributed asymmetrically (Fig. 3) in the manner of polyneuritis multiplex.
They could not be attributed to single nerves, Tendon reflexes were often dimin-
ished, sometimes including extremities without pareses. In severe cases, denervation
potentlals and reduced motor conductlon velocity were found during the later course
of the disease. Sensory impalrment as well as the early sensory irritations were usu-
ally distributed asymmetrically and, particularly al the extremities, non-
systemically. All types of sensation were Involved, especially superficlal sensations.

Meninglils

Only 19 patients had meningismus, often found only on extreme flexion. It was
somelimes assoclated with headache, nausea, vomiting, and photophobia, All other
81 patients were free of meningeal signs. Cerebrospinal fluld analysis showed a
pleocytosis of 11 to 906 cells/mm?, mostly lympho-, reticulo-, end plasma cells; total
protein was 45 to 360 mg/dl, Among 37 patients investigated by laser nephelometry,
locally synthesized IgM could be demonstrated In 29, 130 in 21, and IgA In 12,
Spinal fluid abnormalities lasted up to five months (Fig. 4).

Encephalitls and Myelitis

Cerebral involvement was relatively rare. Twenty patients had poor memory, im-
pared concentration, or behavioral changes, and one had slight somnolence. A /

crantal Newritis  (Ned6)

TEED

cxlremity Ponu‘l Ns22)

PEEARD

exltemily Poreses & cronial Neurtls  (Ne28)
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lent each. Abnor-
itive Babinski sign and retention of urine were seen in one pat

210:1 electroencephalograms were found in many patients. These abnormalities in-
cluded generalized slowing or dysthythmia,

Clinical Course .
Erythema, pains, and neurologic slgns with meningitis followed the tick bite in a

ks after the
tic sequence (Fig. 5). The erythema began a mean of two wee

f»t:r:‘i::: ‘:ndlzfn?a: pniuss five and one-half weeks after that, and neurologic signs
eight and one-half weeks later. The erythema lasted a mean of one week, pains seven

ic signs and meningitls nine weeks,
m;:i' :::::n:‘:\ov':s‘nvo'r‘:ble in all 100 patients. Bven severe pareses relurned (o
normal in most of the cases. After several years, only a few patlents had slight
residual pareses, One patient had a moderate facial palsy after nine years, Eleven pa-
tients treated with antiblotics scemed to recover faster from pains and pareses,

Laboratory Findings -
levated serum Ig
Some of the patlents had increased sedimentation rates or ¢
valuoeT Neutralizing tick-borne encephalitis virus antibodies could not be demon-
sirated in any patients.

Tien bite

Neviotogie 3igns & Maningitis

Erythame Pawrs

= Eamo T FIQ, 3, The sequence of

clinlcal eveats In 1kk-borne
1 " ] v v Han  menlngopolynewritis,

49 ’ ACKERMANN HT AL,
DISCUSSION

Tick-borne meningopolyneuritls can usuglly be recognized by the neurologic pic-
ture alone, but many patlents also have a history of tick bite or erythema chronicum
migrans, or have locally synthesized IgM in the CSF. It is important to make the cor-
rect dingnosis because of the urgency of specific treatment. Our clinical evaluation
of 100 patients confirms previous reports of & few or single cases. Based on these
serles, the common features and wide varlety of neurologlcal involvement in this
disease are naw clear, However, other diseases with polyneuritis multiplex, chronic
lymphocytic meningitis, or tick blte must be considered in the differential diagnosis.
The determination of antibody titers against the causative spirochete will facilltate
the diagnosis and may allow the recognition of additlonal aspects of this
multifaceted disease. For example, cases may exist without CSF alterations or
courses may occur that are as chronic as neurosyphilis.

Tick-borne meningopolyneuritis is very similar to the nervous system involvement
of Lyme disease; but Lyme disease seems to be more severe, involves the central ner-
vous system more often, and produces longer courses with more recurrences [14).

We could not confirm the hypothesis of centripetal migration of the infection
along peripheral nerves. In our experlence, the area of peripheral nervous impair-
ment did not occur within the dermatome of the tick bite or the erythema. Today, It
is known that the spirochete spreads systemically. However, the pathogenesis of
peripheral nerve'lesions, which sometimes resemble neuralgic amyotrophia or the
vascular forms of polyneuritis, remains unclear.
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Neuro-Ophthalmologic
Manifestations of

Lyme Disease

ROBERT L. LESSER, MD,' ERNEST W. KORNMEHL, MD,! ANDREW R. PACHNER, MD,’
JORGE KATTAH, MD,» THOMAS R. HEDGES III, MD, NANCY M. NEWMAN, MD,*
PATRICIA A. ECKER, MD,' MORRIS 1. GLASSMAN, MD*

Abstract: Lyme diseaso is a tick-borne splrochelal infaction characlerized by
skin rash, neurologic, cardiac, and arthritic findings. The authors report six pa-
tients with Lyme disease who had neuro-ophthalmologic manifestations. One
patient had meningitis with papiiedema, two had optic newitis, and one had
newroratinitis, Three patients had sixth nerva paresis, two of whom cleared
quickly, whereas mulipie cranial nerve paisies and subsaquent oplic neuropatty

developed
help in Ihe
Ophthaimology 1990; 97:699-706

In another, Earty recognition of neuro-ophthaimologic findings can
is and Ireatment of Lymo disease.

Lyme discase is a tick-borne illness caused by the spi-
rochete Borrelia burgdorferi manifested by skin rash and
neurologic and arthritic findings. First described in 1977
by Steere et al,' Lyme disease has been increasingly rec-
ognized in the Eastern United States as well as certain
areas of the Pacific Northwest and Midwest. Although
ocular findings of conjunctivitis and symptoms of pho-
tophobia were reported in early descriptions of Lyme dis-
case, it is only recently that other ocular manifestations
such as keratitis, iritis, and optic neuropathy have been
noted. Neurologic involvement in Lyme discase was rec-
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ognized early as a triad of seventh perve paresis, menin-
gitis, and radiculopathy. We report six patients with Lyme
disease who presented with neuro-ophthalmologic man-
ifestations.

CASE REPORTS

Case 1. A 6%-year-old boy had a blotchy red rash over both
fegs, followed by lethargy, headaches, and early morning vom-
iting. Because of his sympt pled with the p ofa
rash, he was thought 10 have Lyme discase. Lyme Liters were
sent and the patient was started on Intravenous (1V) penicillin,
Results of a computed tomographic {(CT) scan were normal,

One week later, the patient was seen by an opbthalmologist,
Results of examination showed visual acuity of 20/20 in both
cyes. Pupils were equal and reacted briskly 1a light with no af-
ferent pupillary defect. Ocular movements showed a lefl sixth
nerve palsy. Color vision and confrontation fields were inlact,
Results of external and shit-lamp Inations were k-
able. Fundus imation results showed bilateral papilledema,
Visual held lesting was unsuccessful. Spinal tap findings shawed
an opening pressure of 370 mm of water with clear fluid. The
patient was treated with Decadroa (dexamethasone) and peni-
cittin; intracranial pressure improved 10 190 mm. Magnelic res

imaging (MRI) findings were normal. IgG and 1gM an
tibody titers were 1:160. The patient was treated with 1V peni.
cillin G for 10 days with resolution of the papilledema and leil
sixth nerve palsy (Table £).
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Case 2. A 25-year-okd man noticed blurred vision in the right
eye. Three months previously, he had noticed a rash on the back
of his leg nssociated with multiple beadaches and varisbly Intense
pain in the back. The patient saw pictures of the Lyme rash and
suggested 1his diagnosis 10 his physician. An 1gG Lyme titer was
1.128. The patient was treated with doxycychine {100 mg orally
iwice daily). For three days before ophthalmologic examination,
he noticed a decrease in light Intensity snd blurred vision in his
right eye. Results of ophthalmologi ination showed that

his corrected ViSiOn Was & poor 20/30 inthe righteye and a shar: |
with

20720 in the lefl. He had a right afferent puplilary defect
diminished color perception in the right eye. Ocular movements
were full. SHt-lamp examination results were unremarkable. Vi-
cunl Felds showed a paracentral scotoma in the right eye; the
fickd was normal in the left eye. Both discs were flat and of
noemal color. One month later, s visual aculty had improved
10 20720 in both eyes, although he was ¢till aware of some slight
impaired color vision in the right eye. No pallor of the optic
nerve was noted,

Case 3, A $9-year-old white man had myalgias, sore throal,
and makise, but no fever or rash, while vacationing in Nantucket
in Augest 1982, One month later, a lefl sixth nerve palsy de-
veloped. Resulls of a tensilon test and CT scan were negative,
Three months later, he noticed numbaess of both sides of his
face, the left side of his tongue, and the fingers of both hands,
By November 1983, he complsined of progressive fatigue. Re-
sults of examination showed bilateral facial nerve paresis and
bilateral tongue numbness, Treatment with oral prednlzone had
no effect. In March 1984, a Lyme titer drawn at his suggestion
was positive 1:6400. He was treated with prednisone and 1V
penicilin G (20 miltion U daily for a 2-week course) with min-
imal impravement in his neurclogle condition. Attempts at ta-
pering prednisone led Lo increase in fatigue, In April 1985, the
patient was admitted to Yale-New Haven Hospital where he
reccived another 20 milkion U of 1V penicillin G for 3 weeks,
bt no clear improvement in his neurologic status was noted,

Muliiple serum Lyme titers done afler treatment showed no
change Cerebrospinal Muid Lyme titer had been positive before
Jreatment, but with no selective concentration, Oligoclonal bands
were positive; myelin basic prolein was negative,

In April 1985, his visunl acuily was 20/20 in each eye. He
hadl hikitcral sixth nerve palsics, left greater than right, with bi-
lateral facial nerve paresis. Results of visual field, fundus, and

. dlit-lamsp examinations weee within normal timies,

J/ Trestment courses with doxycycline, peaicillin, prednisone,
= adrenccorticottophic hormone, and cyclophosphamide were

unsuceessful,

In May 1987, the patient reported a 2-week history of painiess,
decreasing vision in his right eye. Results of examinaticn showed
a visual acuity of 20730 in the right eye and 207400 in the left.
e had a |+ afferent pupillary defect in the right and exposure
keratopathy in the Jel. Visual ficlds showed an inferior defect
on the right (Fig 1); the left visual feld was normal. By June 9,
1987, bis visual acuity was 207200 in the right eye and 20/400
in the lefl. He had bifateral sixth and seventh nerve palsies. He
again had an afferent pupillary defect in the right eye with further
Jass of hield in the right eye. The leN eye was unchanged. Both
dises showed pallor, right greater than left,

}He was admitted to Yale-New Haven Hospital with lef facial
numbness, photophobia, diplopia, decreased vision, and par-
esthesias in both hands. Facial sensation was on the
Jel with marked bilateral faclal weakness. Hearing was slightly
decreased bilaterally, whereas his gag reflex was decreased on
the 1N side. Moderate weakness of the upper extremilies was
noted distally on both sides with shight weakness of the lelt quad-
neeps
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Fig 1. Visual feld of the right eye of patient 3 with oplic newropathy
developing § years afler omsel of Lyme disease,

Fig 2. T, -weighted a2kl magnetic resoaance imaging scan of patient 3
shows mudtiple areas of perivemiricolsr demyelination (TR = 900,
TE = 201,

Magnelic resonance imaging of the brain showed mubtiple
areas of white matler disease in the periventricular regions
(Fig 2). Cortical volume loss also was noted. Na oplic nerve or
chiasm abnormality was noted. Oligoclonal antibodies were
posilive, Myelin basic protein was negative

The patient was treated with cyclophosphamide (150 myg v
every 6 hours), prednisone (60 ma oralty daily), and nostriptyline
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Fig 3. Blurred optic dise in the right eye of patient 6 with peuroretinitis.

(30 mg orally every night). He underwent a Jelt tarsorrhaphy in
an altempt 10 reduce the exposure kerstopathy. Al the time of
discharge, there was no change in peurologic, visual, or mental
state.

Case 4, A 16Vr-year-old boy had horizontal diplopia which
was initially intermittent and within | week became constant.
One week before the onset of the diplopin, a stif neck, headache,
and low back pain developed, all of which resolved after 2 days.
No history of tick bite, skin rash, or fever was noted,

Two months previously, pharyngitis, lymphadenopathy, and
splenomegaly (with & posilive monaspot test) , He was
treated with penicitiin for 10 days with resolution of his symp-
toms.

Visual acuity was 20/20 in both eyes, Both pupils were equal
in size and normally reactive, Bilateral sixth nerve palsies were
noted. A minimal right hyperiropia was noted, most prominent
on kel gaze, Results of slit-lamp examination showed several
subepithelinl grayish infiltrates without overlying epitheial ab-
normalities. No evidence of uveitis was noted. Both optic nerve
heads were congenitally full, A lumbar puncture showed |
erythrocyte and 31 leukocytes (98% lymphocytes and 2% mono-
cyles). Cerebrospinal fluid protein level was |31 mp/di; glucose
concentration was S0 mg/dl. Results of CT scan and MRI were
unfemarkable. Results of myelin basic protein and oligocional
bands lesis were negative.

Two months aher admission, ination results sh
normal eye movements. The corneal infiltrates had resolved ex-
cept for ope small central anterior opacity in the lefl eye. The
lef pupi) was noted to be slightly larger than the right and reacted
in a tonic fashion.

Serum titers against 8. burgdorferi were 1:400 for IgM and
1:1600 for 1gG. Cerebrospinal fluid 1gM titers were 1:200. He
was given a 2-week course of cefiriaxone (2 g 1V dally). Within
a few days afler completing treatment, the diplopia cleared.

Case 5, A 39-year-old woman was bitten by a tick on Memorial
Day 1988, Several days afller being bitlen, the tick was removed
from her buttock. Subsequently, a skin rash developed in this
location, characterized as erythema chronicum migrans. Lyme
tier, tested twice by a commercial laboratory, was negative.

1
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Three months later, low back pain, lefl Bell's palsy. numbness
in the left groin and thigh and kel founh and Afth fingers de-
veloped, She was treated with erythromycin for 2 days withous
relief, Three months later, she was seen in consultation at which
lime a diagnosis of Lyme disease was confirmed by positive 1gG
titer of 1:400 along with a positive T-cell response to . birg-
dorferi. Results of neuro-ophthalmologic examination showed
visual scuity of 20/20 in both eyes: however, she had lefl optic
disc pallor, All Ishikara color plates were identified correctly in
the right eye, but only 4 of 12 were identified correcily in the
left eye. A left afferent pupilary defect was present. Visaal hekdy
showed a central scotoma in the lef eye. Eye movements showed
A bilateral sixth nerve palsy. Results of dilated [undus exami
natioa showed that the right eye was normal but ihe lel disc
showed pallor. Results of neurologic evaluation showed muld
encephalopathy and a spastic kel hemiparesis, She was 1reated
with ceftriaxone (I g IV twice daily for 2 weeks) with substantial
improvement, An MRI showed multiple areas of demyzlination

in the brain stem and cortex with the largest lesion found in the |

nght frontal cortex.

Five months later, sudden loss of vision developed in the pa-
tient's right eye, with vision reduced to hand motions. There
was now a right afferent pupillary defect; eye movements were
full, Afer her course of treatment with [V cefiriarone, het
visual acuity improved 10 20/25 in both eyes. She identified all
(except one) Ishihara color plates in each eye. Pupils were equal
and reactive; no afferent pupillary defect was noted. Visual fields
showed some generalized constriction but no central scolomas,
Results of lundus examination showed bilateral optic nerve pal-
lor, Subsequently, her clinical status has remained unchanged

Case 6. A |3-year-old girl complained of a rash, fever, and
anthralgias. With an 183G Lyme titer of 1:256, a diagnosis of
Lyme disease was made. The patient was trealed with doxyey-
cline. Two months later, headaches developed, and she was noted
10 have blurred discs. Ore month later, ber visual scuny dropped

10 20/50 in the right eye and 20/20 in the lefi. Results of ex- 0

amination showed blurred discs with exudates in the macula in
the right eye consistent with neuroretinitis (Figs 3, 41 She was
started on celtriaxone with complele resolution of hradache,
return of visual acuity to 20/20, and subsequent impravement
in the appearance of the fundus,

DISCUSSION

Lyme Disease is a tick-borne spirochetal iliness char-
acterized by three stages that may or may not be present
in all patients.™ The ilness begins usually in the summer,
the first stage includes a skin lesion known as erythema
chronicum migrans, oflen accompanied by a stff neck.
fever, headache, malaise, fatigue, myalgias. and/or ar-
thralgias.

In the second stage, meningitis develops in zpproxi-
mately 15% of patients. A facial nerve palsy develops in
approximately one half of those patients. Carditis develops
in approximately 5% of patients.** '

In third-stage Lyme disease, months to years after in.
fection, arthritis, which is usually oligoarnticular, develops
in approximately 60% of unircated patients ™'?

In 1he Northeastern United States, the principal vector
is the tick /xades dammini, bul enly approximalely 0%
of persons recall being bitten.* The spirochete which
causes Lyme disease is 8. burgdorferi Tick disinbution
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and infection rate correlate well with the incidence of
Lyme disease." ' Lyme disease has been reported in 43
slates and is most commonlr seen in the Northeast, upper
Midwest, and California,'* "¢

Enzyme-linked immunosorbent assay developed by
Pizzarello et al'? (1gM early, 1gG late) is the most common
laboratory test for Lyme discase. Laboratory testing,
however, is not standardized; therefore, results vary from
different laboratories,''® Newer more specific diagnostic
tests have been reported (Table 2).2%

Lyme disease may be treated with tetracycline or doxy-
cycline. If there is either no response or if the central ner-
vous system is involved, then cefiriaxone, cefotaxime, or
penicillin is recommended.

Central nervous system manifestations are seen both
in the second and third stages of Lyme disease.*> Stage
11 involvement consists of meningitis, cranial neuropathy,
and radiculoneuritis alone or in combination.”* Pachner
and Steere’® evaluated 3B patients with Lyme meningitis.
Neurologic manifestations were noted approximately 4
weeks afler the onset of erythema chronicum migrans.
Eighty-nine percent of the patients had headache, varying
in infensity, usually frontal or occipital. Spinal fluid
showed lymphocytic pleocytosis, occasional elevation of
protein levels, with normal glucose concentration and
opening pressure. Fifty percent of the patients had facial
palsies (12 unilateral, 7 bilateral). 3

A peripheral radiculitis, some motor and some sensory,
developed In 32%. Other neurologic complications re-
ported include intracranial arteritis and a peripheral neu-
romyopathy, ¢

Third-stage Lyme disease can manifest itsell months
to years afler initial Infection. Pachner and Steere” studied
26 patients of whom 13 presented with encephalopathy
with behavioral changes, memory difficulties, and mood
changes, One patient had dementia secondary to Lyme
discase with good response to treatment. Six patients had
relapsing remilling episodes mimicking multiple sclerosis.
Four palients had chronic fatigue, two constant and two
intermittent. Meningitis was not always present in these
patients and cerebrospinal fluid pleocytosis was noted only
occasionally in the third stage, Response to treatment was
variable, Investigators also have reported evidence of third-
stage Lyme disease in patients with seizure, dementia,
myelitlﬁ sgulic parapareses, psychiatric disturbances, and
ataxja M

Eye findings in Lyme disease were first noted in the
original observations of Steere et al' who noted that ap-
proximately 11% of the patients had conjunctivitis and
6% had symptoms of photophobia. In experimental work
by Johnson et n),** 21 Syrian hamsters were injected in-
teaperitoneally with the organism B. i. Fourteen
days after infection, 47% of the animals had evidence of
eye infection. This study, as well as others, suggests that
Lyme disease may possibly invade the eye early and then
remain dormant. After Duray et al* infected seven ham-
sters with the s}n'rochele, four had positive eye cultures,

Steere et al*! reported a case of a 45-year-old woman
with endophthalmitis secondary to Lyme disease. Initially,

Fig 4, Macular exudates in the right eye of patieat & with newroretiniis.

the patient presented with a vitritis which progressed to
endophthalmitis; despite treatment with antibiotics and
vitrectomy, the eye became phthisical. Subsequently, spi-
rochetes were found in the vitreous, Keratitis has been
reported*? with multiple infiltrates at all levels of the
stroma. One patient had findings consistent with inter-
stitial keratitis. Smith*® has seen patients with chrenic vit-
ritis, hyperemic optic nerves, and optic ncuntis A 71-
year-old man was reported with visual loss associated with
headache. Temporal artery biopsy showed findings con.
sistent with giant cell arlentis; subsequent silver stain of
the temporal arery biopsy showed spirochetes."
Schechter”’ described a 53-year-old man with Lyme dis-
case who had findings consistent with ischemic optic neu-
ropathy. Wu et al*? reported a 7-ycar-old boy who had
bilateral disc edema with visual acuity reduced to 20/40
in both eyes and a Lyme titer of 1:256.

Farris and Webb reported a 39-year-old black woman
with optic neuritis that developed | manth afler treatment
for Lyme disease and approximately 2 weeks afier treat
ment with penicillin, This patient had been 1reated for
Lyme disease with a presentation that included aseptic
meningitis, bilateral sixth nerve palsy, and a radicular
sensory neuropathy. Visual acuity fell to light perception
with disc edema, No cells were noted in the vitreous. Three
months later, visual acuity returned to 20/50 with evi-
dence of optic atrophy.*? Optic neuritis has been described
in Europe and in the United States.****

Several cases of pseudotumor cerebri syndrome have
been reported in association with Lyme disease.**" In all
likelihood, these cases represent meningitis with elevated
intracranial pressuse rather than true psewdotumor cer-
ebri. Other cases of choroiditis and exudative relinal de-
tachments have been noted * Winwood and Smith® re-
ported ocular findings including uveitis, eptic atrophy.
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Table 2. Diagnostic Aids In Lyme Disease”

Assay

Stage I

Earty Olsease
[ECM, "I’}

Stage i
Maningiis and
Cardils

Stage M
Late Detease

Conment
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(Western blol)

Cutwe

T-hymphocyte
ool 2353y}
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asaph
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In Best weeks of
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I fesl works of
belction
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ngeficlen! daia
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posihe

ol chnicaty usehl
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Beale blopsy has
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Arosl W00
poslive
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posiive

Amost 100%
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hsulicient &ahh

lnaulicent dala

Tests both boe G a%a M
wih lgM n50g eatly and
159G ller, panents wen
lale Gisease can te
seronegalve € there has
been nacequale ealy
odl IRl Nieainent
o il Ihe patent 15
NTUNCAUEONESses

{same a3 atove)

ELISA prelened because it
1S more seesive ang
specile

Elachophoretically s2paiatey
Out Slerenl protens by
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In Glerentinlng lalse-
posiives. nol 1aubnely
anlabe

Generalty bnded
Svatabdty 10 academ
centars, Sorrely
Durpaarfen s dedeut 1o
Glow from wiles of
infeclion cstule mpdem
i3 eapersne 3od not w2
sindeitired

Probieration aisay of
mongaucier cet 1 8
Duvpdorten 3nigers
eacenl sty Cnag
Fbday 10 ey
seronegaive Lyme has
bean reporied ot musl
sid be consdered
eipenmantal 3l ths doe
Usld furiter camebatahen

Measwrames| of eriistien
of anhgens materal iwa
INe utind Ay plove
helplul howtetr. s0
chmcal ulity has yet
been demorsiealed

The use of PCA 10 meicase
Ithe smourt ol CMA miih
subsequent ¥s2 of
SPROIC probes 13 wenbty
bacterad (NA may prose
very helpld

B borpderten can te Pard
13 Kenly 0 hssie
oachons, usualy redurey
shtt slans o
mmnoslang

ECM = erythema chicaioum migrans; ELISA = enzyme-Inked immurasarbect 23say; IFA = nmunclucrescent assay, POR = palymecase chan 1eacion .
* 1 caniral nervous sysiem Lyma disease, cerabeosphal Buid Wer can be posifve A negative cerebrospinal buid e, however, dots nel fule ouf Gsease # Pert 1 )

i
i
:
;
:
:
5
:

28 0%

uncien o uneproducible, it may be wise 1 we anolher laboralory o 1o sand spacimens 1o 2 Ldoraloy 0 &0
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and Bell's palsy in Caribbean patients with Lyme borreli-
osis. Lyme disease has been noted in pregnancy*’* with
al least one case of cortical blindness associated with Lyme
disease.® An erythema chronicum migrans rash devel-
oped in the mother of the child with cortical blindness
during the twenty-seventh week of pregnancy. The mother
was treated with oral penicillin for 10 days. She had no
other manifestations of Lyme disease, The child was full
term but had cortical blindness and developmental delay,
Another child was born with multiple abnormalities in-
cluding mental retardation, blepharitis, strabismus, and
conjunctivitis.”?

Neuro-ophthalmologic manifestations in our patients
included involvement of cranial nerves VI and VII, optic
nerve, and retina. The patients ranged in age from 13 to
59 years, Four of the patients were male, two were female.
Three of the patients had blurred vision, whereas three
had diplopia. The cases in this report represent a spectrum
of Ihe discase—case 3 had involvement of stages Il and
111, whereas all other patients represented findings of
stage 11

Our first patient had meningitis with elevated intracra-
nial pressure, bilateral papilledema, and bilateral sixth
nerve paresis, Reports in the literature of psevdotumor
cerebri probably represent a similar mechanism, that is,
low-grade meningitis rather than true pseudotumor cer-
chri. Two of the patients with optic neuritis had only a
minimal decrease in vision, although one subsequently

‘The pathogenesis of the neuro-ophthalmologic findings
in Lyme disease may be either immune mediated or sec-
ondary 1o either active infection or vasculitis. The spi-
rochete has been cultured from cerebrospinal fluid® and
directly from brain parenchyma.’ Reik*? pointed out that
findings such as the high incidénce of hemiparesis and
imaging findings of infarction are consistent with vascu-
litis. To date, however, although endarteritis has been seen
in the myocardium and synovium, it has not been dem-
onstrated in the central nervous system, In other cases,
immunologic change may be the primary mechanism.
Support includes evidence of plaques seen on MR| and
evidence of cross-reactivity of neuronal antibodies.* Be-
cause the patients with optic neuritis and with the sixth
nerve palsies responded to treatment, the pathogenesis of
their clinical findings was most likely direct infection. In
the one paticnt, however, with a chronic course that in-
cluded presentation with a sixth nerve palsy and subse-
quent oplic neuropathy, who did not respond Lo treatment
with antibiotic, the mechanism was most likely vasculitis
and/or immune mediated,

The findings in these patients should alert ophthal
mologists to the possibility that Lyme disease may present
as a great mimicker® and that signs can include not only
facial nerve paresis but also unilateral or bilateral sixth
nerve paresis, papilledema, optic neurilis, neuroretinitis,
and optic atrophy.
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had a profound decrease in vision in the other eye. In the
paticnt with neuroretinitis with macular star, visual acuity
improved and the macular star resolved afler treatment.
To our knowledge, this is the first patient with ncurorcti-
nitis reported with Lyme disease, Three of the patients
had sixth nerve involvement—case | had involvement
secondary to elevated intracranial pressure; case 2 had
involvement of bilateral sixth nerve palsy secondary to
direct infection; and case 3, the most complicated patient,
had involvement of an isolated sixth nerve palsy with no
other signs developing for almast 2 months. Cranial nerves
VIIL X, X, and X1 were involved subsequently in case 1,
Years later, an oplic neuropathy developed, To our
knowledge, this is the first patient with optic nerve in-
volvement in third-stage Lyme discase. Of note, an MRI
done in Junc 1987 showed multiple areas of white plaques
around the periventricular region and in the brain stem.
Despite multiple courses of treatment, the patient did not
improve clinically. This paticnl represents a rare but dra-
malic example of the devastating changes from Lyme dis-
case that can occur.

Criteria for determining that these findings can be at-
tributed 10 Lyme disease include the lack of evidence of
other disease, including multiple sclerosis, clinical findings
consistent with Lyme disease, the occurrence in patients
Jiving in an endemic arca, positive serology, and in most
cascs, response o treatment, Diagnosing Lyme discase
andd differentiating it from other chronic neurologic disease
can be difficult. In some cases, it might be difficult 10
distinguish between multiple sclerosis and Lyme discase:
hawever, other signs of demyelinating disease afler treal-
ment did not develop in any of our patients,
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Bilateral Keratitis in

Lyme Disease

MD,’
ERNEST W. KORNMEHL, MD,' ROBERT L. LESSER, MD,! PATRICIA JAROS, MD,
ELIZABETH ROCCO, MD;? ALLEN C. STEERE, MD*

Abstract: Lyme disease, caused by the spirochels Bovwrelia burgdorieri, has
opivhalmic manifestations. The authors describe two cases of Lyma keralitis
characterized by multiple focal, nebular opacities at varying levels of the siroma
which may progress 10 edema, neavasculanzation, and scarring. Close cbser-

valicn, in addition to systemic antibiotic

therapy, may be suficlent if the visus!

axls is not Involved, and the patient is asymplomaltic, Ophthaimology 96:1194~

1197, 1989

Lyme disease, distinguished as a separate nosologic en-
tity in 1975, is caused by the spirochete _dela
hurgdorferi’) and transmitted by Ixodes dammini or re-
lated ixodid ticks.** 1liness usually begins in the summer
with a characteristic skin lesion, eryth¢ma chroni mi-

CASE REPORTS

Case 1. A 25-year-old man, living in Virginia. had feh.file
i lyradiculopathy and Bell's palsy, second- and third-

grans,*'? accompanied by headache, stiff neck, mya_ltll':llsi
fatigue, and lymphadenopathy. Evemunll!. e 3
or cardiac'® abnormalities and arthritis™'4'* may develop.

Conjunclivitis was the most ooinmonly_ renoﬂed ocular
complication of Lyme disease in one series ‘vdn} an in-
cidence of 11%. Other ophthalmic manifestations include
papilledema with retinal Mmonhues.wocmed wn'I:
mseudotumor cerebri,'™'? ischemic optic neuropathy,
diplopia associated with oculomotor or abducens nerve
paresis,'** bilateral keratitis,?"¥? lmis_rqilpv,v‘cd by pan-
ophthalmitis,”? bilateral diffuse choroiditis, and exu-
dative retinal detachments, >

We report {wo additional cases of bilateral keratitis as
a manifestation of Lyme disease,

Orginally received: November 22, 1968,
Ravision accepted: Fetruwy 10, 1959,

Prnsenied 8 Iha Amadcan Academy of Ophitakmology Annuel Mesting,
Lt Voges, Oclober 1968

&} wu.manw-mbmmem
Supponted in pe by 8 grant from the N

Repont requests 1o Emest W K
setts Eyo and Ew me.?lSM:Sl.W.MAO?HI

MD, Carnes Sendco, Nassachu

deuee;-em'uock. and temporomandibular joint pain in August
1982, 2 months afler a tick bite 10 his navel withoul apparent
local reaction. Al that time, he responded 1o prednisone (60
mg), whh tota) resolution of his right facial palsy although his
Jibular joint pain persisted on the right side. The
dni was dicontinued in D ber 1982, and swelling
of his lef knee developed in January 1983 along with intermitient
swelling of his right wrist, Synovial biopsy of the kel knee in
Avgust 1984 showed inflammation of the synovium and synovial
fuid. Lyme fiters by enzyme-linked immunasorbent assay
(ELISA) drawn in November 1984 at the University of Penn-
sylvania documented an [gG titer of 1:256 and subsequently 1t
512, Quantitative 1gM was |10 mg/d) {normal, 60250 mp/diy.
hrocyte sedimentation rate (ESR) was normal. and antinu:
clear antibody (ANA), rheumatoid factor (RF), 'md III.A-Q21
were negative. He was hospitalized and treated with 1.3 million
units of intravenous penicillin every 4 hours for 2 weeks. In
April 1985, an effusion of his right knee developed and he was
referred 1o Yale-New Haven Hospital. The Lyme disease titer
by ELISA was IgG 1:1600 and 1gM 1:100. His ESR was &, quan-
fitative 1aM was 163 mg/dl, and ANA, RF, FTA-ABS were neg-
ative. He was treated with 3.3 million units of intravenous pen-
icillin every 4 hours for an additionsl J-week period. His right
knee was nspirated. The fluid contained 370 erythrocyles, §000
nucheated cells, 49 granulocytes, 32 lymphocyles, and 19 tissue
cell; il was negative for crystals, had 2 protein level of 6 mg a
glucose level of 108 mg, and was sterite. During the course of
his hospltalization, his Lyme titer by ELISA increased from
1:1600 1o greater than 1:6400 althowgh the size of his right knee
effusion decreased dramatically. Aler discharge, his attacks be-
came bess frequent and shorier in duration. In February 1987,
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Case |

February 1987

@
D¢ @

Fig 1. February 1987, Both
coeness have muMiple focal
nebular opacities with indis
tiact borders ol varying levels
of 1he cornea spasing (he vi.
susl axfs. RE = right 2ye; LE
= Jefl eye. February 1983,
The kesloas have waxed and
wined in both eyes without
change in visual acwity.

an efusion of his leR knee developed and he was readmitied 10
Yale-New Haven Hospital and treated with a J-week course of
intravenous celiriaxone | g every 12 hours.

During this second haspitalization, he noticed blurred visicn
in both eyes with redness and photophobia without discherge.
Best-corrected visual acuity was 20720 — 2 in the nght eye and
20/20 in the leN. The pupils and resulls of external examination
were normal, The conjunctiva had a few follicles along the su-
perior tarsal border of the superior palpebral conjunctiva and
1+ injection of the nasal bulbar conjunctiva in cach eye, Both
corneas had multiple focal, nebular opacities with indisti
borders that were periphera) and paraxial but spared 1he visual
axls in each eye (Fig 1). The opacities were seen at different
levels in both comeas, Some were restricied (o the area of the
epithelial b b h others were at varying
levels of the stroma including pre-Descemet’s. There was no
epithelial staining, comeal edema, or neovascularization in cither
cornes, and 1he endothelium was unremarkable, The anterior
chamber was quiet, and the rest of the ocular examination resubts
were unremarkable, No topical medication was prescribed, and
the corneal opacities have waxed and waned without change in
visual acuily over a 12-month period.

Case 2, In May 1985, & T-year-old girl had a swollen right
knee 6 weeks alter a tick bite, not associnted with a skin rash or
fu-like syndrome. Her Jeukocyte count was 12,200, ESR was
61, and ANA was 1:80 with a diffuse patiern, Aspiration of the

February 1988

By Dx ber 1983, the ber of opacities decreased by
50% in the right eye and 90% in the kel eye. Bestcorrected
visual acuity was now 20/30 in the nght eye and 20/20 in the
el In February 1986, visual acuity was 20720 bilaterally, The
lesions became fainter and more diffuse involving the visual avs
of the right eye and 1he periphery of the lefl eye.

Ophthalmic examination resulis ined uncharged until
June 1987 when the patient was seen in follow-up. She had no
visual complaints. Her visual acuity was 20430 in the nghl eye
and 20/20 in the lefl. There was stromal edema in the supero-
temporal quadrant extending into the visual axis. A midstromal
branching vessel was noted superotemporally (Fig 2) The an-
terior chamber was quiet, and the rest of the examination results
were unremarkable, A comeal scraping was not diagnostic. Re.
sults of a VDRL, FTA-ABS, ANA, RF, and tuberculin 1¢s1 were
all negative. The patient recelved topical prednisolone acclate
1% four times daily which was lapered over § months. By De.
cember 1987, visual acuity was still 20730 in the right eve with
an axial nebular opacity and overlying iron line. Ghost vessels

were seen from 10 10 12 o'clock. Visual acuity in the left exe
was 20/20 with a few facets in the periphery inferiorly.

DISCUSSION

right knee was turbid with 30,000 leukocytes, 87% of which
were polymorphonuclear cells, Lyme disease was diagnosed
based on IgQ titers of 1:10,240 which later rose o 1:20,480 by
ELISA. The patient was treated with 1.5 million units of inira-
venous peaicillin every 4 hours for 3 weeks.

In November 1985, she had decreased visual aculty during
school sereening. Ophihalmic examination documented the best-
corrected visual acuity 10 be 20470 bilaterally. Both corneas had
multiple focal, nebular opacities with indistinct borders from
limbus 10 limbus (Fig 2). The opacities were subepithelial and
at varying levels of the stroma, There was no evidence of edema
or neovascularization. The rest of the examination results were
unremarkable, No toplcal treatment was given,
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Our two patients' corneal findings were similar to those
previously reported. ¥ The first patient had multiple fo.
cal, nebular opacities with irregular borders at varying
levels of the cornea. He did not have corneal edema, neo-
vascularization, or an irregular endothelium as has been
previously noted.’? This patient was nol treated with cither
topical antibiotics or corticosteroids since the visual axis
was nol involved. During the period of observation, the
lesions waxed and waned with no progression of the dis-
ease, neovascularization, or edema after |12 months.

The second patient had significant visual worsening in-
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cluding the development of stromal edema and vascular-
ization in one eye. This patient was treated with topical
corticosteroids with significant improvement over a 6-
month period.

Itis clear that Lyme disease has ophthalmic manifes-
1ations, Previous experimental studies showed that 45%
of hamster eyes were positive for B. burgdorferl 14 days
after intraperitoneal injection of the organism.?* A second
simil,a‘r study found positive cultures in $7% of hamster
eyes.

We were not able to obtain material from direct his-
tologic examination or culture. We were also unable to
determine whether the corneal opacities were the direct
result of infection with B. burgdorferi or the result of an
antigen-antibody reaction or some other immunologic
phenomenon in the cornea.

In each case, other causes of keratitis were sought but
not found, supporting the theory that the keratitis was
secondary to Lyme disease. pallidum is known
10 produce bilateral diffuse stromal keratitis, usually of a
more fulminant nature, There was no evidence of other
diseases such as mumps, infectious mononucleosis, or
Dimmer's nummular keratitis, which may also produce
a somewhat similar interstitial keratitis,

Episodic recurrences of clinical activity in syphilis are
believed to be related to persistence of the antigen, either
in living sequestered organisms or in fragments of organ.
isms. This may also be true in Lyme disease. In chronic
Lyme disease, B. burxdwz'm persists, inducing an ongoing
inflammatory response, 2’ Several patients who received
systemic antibiotics for erythema chronicum migrans re-
poried persistence of symptoms, including joint pain, se-
vere chronic fatigue, numbness of the extremities, and
memory loss. In the absence of clevated levels of anti-
hodies to B burgdorferi, these symptoms have been at-
tritmted 10 a post-Lyme disease syndrome rather than
considered as evidence of persistence of infection. It has

{301
€OC

Fig 2. November 1935 Both
comeas have multaple focal
mebular opacitics with indis
tinct borders al vasying levels
of the cornea involving the
visual avis June 1937, The
right eye (RE) contabng a 5-
mm area of 14 stromal
edema superatemporally ex.
tending into 1he visusl axis,
A branching  midstromal
vessel enters this area a1 10
o'clock. The bef eye (LE) has
an inferior pre-Descemet's
opecity. December 1987, RE.
8 5-mm ground.glass opacity
superolemposally exlending
into the visual mais with ghost
vessels and a central iron line.
LE. sn inferior pre. Desce.
met's ncbelar opacity.

December 1987

recently been shown that the presence of chronic Lyme
disease cannot be excluded by the absence of antibodies
against B. burgdorferi® A specific T-cell blastogenic re-
sponse to B, burgdoeferi may provide evidence of infection
in seronegative patients with clinical indications of chronic
Lyme disease, Our first patient and a previously reported
cnse of Lyme keratitis?? were documented initially 5 years
after the tick bite or appearance of systemic manifestations
of the disease. Lyme keratitis may have been present car-
lier but was not perceived because the patient was visually
asymptomatic and did not seek ophthalmic care,

Our patients' keratitis is similar 10 those previously
reported®’ ¥, however, some variation was documented.
It appears that Lyme keratitis may progress to edema,
neovascularization, and scarring. Close observation, in
addition to systemic antibiotic therapy, may be sufficient
ifthe s;isunl axis is not involved, and the patient is asymp-
lomatic.
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European ¢erytheme migrans disease, lymphocytoma, and acrodermatitls chronica are a
group of disorders assoclated with the bite of ixodid ticks. These disorders are now thought to
be due to a single, or closely related, Ixodid tick spirocheles, European erythema migrans
disease closely resembles Lyme disease, Serological evaluaiion may help Lo separate spirochetal
lymphocytoma from other pseudolymphomas of nonspirochetal orlgin and from lymphoma.
Acrodermatitis chronica atrophicans, so far observed mainly in Europe, is presumably a late
manifestation of this group of spirochetal disorders.

ERYTHEMA MIGRANS DISEASE (EMD)

Erythema migrans following a tick bite was first described by the Swedish der-
matologist Afzelius in 1909 [1]. A few years later, Lipschiitz from Vienna gave a
more detailed description of another case using the designation erythema chronicum
migrans [2]. In 1922, Garin and Bujadoux described a case of meningopolyneuritis
[3]. Several years later, Hellerstrom presented a case with meningitis or, more likely,
meningoencephalitis [4). In 1934, the German dentist Stadelmann included among
his six erythema migrans patients the case of a patient with severe joinl pain,
myalgia, and fatigue [5]. A detailed description of meningopolyneuritis was given by
Bannwarth in the early 1940s [6]. In 1951, Hollstrdm observed the beneficial effects
of penicillin for both erythema migrans and a patient with meningitis {7]. Binder et
al, reported the successful transmission of erythema migrans from human to human
four years later [8). In the 1960s and early 1970s, erythema migrans was recognized
as a systemic disease by Hauser and others ([9]; literature in {19])). Hérstrup and
Ackermann published a well-defined retrospective study on meningopolyneuritis in
1973 [10]. One year later, a case report showed that low doses of penicillin cleared
the erythema migrans but were not sufficient to prevent meningitis; a beneficial ef-
fect of high doses of parenteral penicillin was achleved in this patient. In the same
paper, it was concluded that a hitherto unknown bacterium must be the cause of
both erythema migrans and “erythema chronicum migrans meningitis” [11].

The description by Allen Steere and co-workers of a disease which they first called
Lyme arthritis (12) has stimulated further work in Europe, One and a hall years
before the discovery of the causative organism, high doses of parenteral penicillin or
another appropriate antibiotic were suggested for later manifestations of both Lyme
disease and erythema migrans disease and for some patients with early manifesia-
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tions of these disorders [13). A turning point in the history of EMD and related
disorders was the discovery by Burgdorfer and co-workers of a spirochete from ixo-
did ticks, cultivation of the spirochetes, elicitation of animal lesions, and positive
serological reactions in patients with Lyme disease {14]. Recovery of spirochetes
from patients with Lyme disease was reported by Steere et al, and Benach et al, a few
months ago [15,16), Ackermann, using Borrelize, and other spirochetes, and
Neubert, using rodent blood spirochetes supplied by Dr. H.E. Krampiltz, obtained
positive serological reactions at the same time [17,18]. Soon afterwards, we de-
scribed 31 patients with what we now call erythema migrans disease [19]). The
serological evaluation of 42 patients was presented very recently {20},

European erythema migrans usually presents as an expanding annular lesion often
accompanied by central clearing. This lesion is the hallmark of the disease.
Sometimes, a central lymphocytoma-like lesion can also be seen (9,19] (PLATE 1).
Erythema migrans can disappear after a short duration of up to four weeks; it can
exist in its chronic form as erythema chronlcum migrans, or it may be absent [19),
European erythema migrans may be accompanied by general symptoms such as
headaches, fever and/or fatigue, arthritis or arthralgia, certain neurological find-
ings, probable cardiac involvement, and possibly tracheolaryngitis [19].

To date, we have observed 49 patients; 41 of them have been followed prospec-
tively since December 1978. In our study, 17 patients (35 percent) had joint symp-
toms; most had involvement of the elbow, the knee, and/or the joints of the fingers,
All patients had pain on motion of joints, cight had swelling, and only one ex-
perienced redness. Joint symptoms were usually not intermittent. Nine patients (18
percent) had neurologic signs, Six showed clinical evidence of meningopolyneuritis,
four had severe headaches, and three were mildly encephalopathic. Seven women
(14 percent) had signs suggestive of cardiac involvement, Five experienced one 1o
several attacks of palpitations, one had episodes of substernal chesl pain, and one
had bradycardia.

Laboratory findings in up to 37 of the 49 patients included a moderate elevation
of BSR in 32 percent of the patients (mean value, 16 mm/h), elevation of IgM (13
percent; mean value 316 mg/dl), 18G (10 percent; 1,432 mg/dl), or IgA (3 percent;
394 mg/dl), slight increase of SGPT (19 percent; 26 U/ 1) or SGOT (6 percent; 21
U/1), and mild cryoglobulinemia in one patient (12.6 mg/dl).

Forty-two patients were evaluated serologically [20]. We found 1gG and/or IgM
antibody titers against Ixodes dammini spirochetes (kindly supplied by Dr.
Burgdorfer) to be significantly elevated in only 40 percent of our patients (Table 1).
Treatment in these patients was begun a mean of eight weeks (0.5-26) after the tick
bite or the beginning of the erythema migrans. The highest antibody titers were
detected in some patients with more severe disease. Thus, it is possible that antibiotic
therapy aborted the antibody response in some patients or that the disease was 100
mild to allow for significant rise in antibody titer. Seven patients with EMD, three
with acrodermatitis chronica atrophicans (ACA), and two with lymphocytoma were
also tested at the Rocky Mountain Laboratory for 1gG antibodies against both the
Ixodes dammini and the Swiss Ixodes ricinus spirochete, There was no significant
difference in the titers between these spirochetes, and the results were basically com-
parable to those obtained by the Max von Pettenkofer-Institut in Munich {20].

LYMPHOCYTOMA (LYMPHADENOSIS BENIGNA CUTIS)

The first description of a solitary cutaneous lesion with follicles resembling those
seen in lymph nodes was published by the Swiss pathologist Burckhardtin 1911 [21),
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Survival of Borrelia burgdorferi in Antibiotically Treated Patients with

Lyme borreliosis

Summary: The persistence of Borrelia burgdorferi in pa-
tients treated with antibiotics is described. The diagno-
sis of Lyme disease is based on clinical symptoms, epi-
demiology and specific IgG and IgM antibody titers to
B. burgdorferi in serum. Antiblotic therapy may abro-
gate the antibody response to the infection as shown in
our patients. B. bugdorferi may persist as shown by pos-
itive culture in MKP-medium; patients may have sub-
clinical or clinical disease without disgnostic antibody
titers 1o B. burgdorferi We conclude that eatly stage of
the discase as well as chronle Lyme disease with per-
sistence of B, burgdorferi after antibiotic therapy cannot
be excluded when the serum Is negative for antibodies

agalnat B. burgdorferi.

z fmssung: Persi der Borrelia burgdorferi
bei negativer Serologle und Behandlung mit Antibionika.
Es wird dber dic Persistenz von Borrefia burgdorferi bei
sechs Patienten berichtet, Nach dem Zecken- baw. In-
sektenstich und Erythema migrans konnte B. burgdor-
feri noch Wochen nach der Antibiotikatherapie nach-
gewiesen werden, Serologische Befunde waren auler
bei einem Patienten negativ, Diese Ergebnisse bestati-
gen unsere fritheren Beobachtungen und sprechen da-
far, daB die Antiblotiknbehandlung die Antikdrperbil-
dung gegen B. burgdorferi beeinflussen kann. Ferner
zeigen diese Ergebnlsse und Beobachtungen, daB
nicht nur im Frohstadium der Lyme Borreliose, son-
dern auch in chronischen Stadien baw. bei Persistenz
des Erregers der Nachweis von Antikdepern negativ
bleiben kann,

Introduction

Lyme borreliosis (LB), a multisystem disorder with skin,
neurological, cardiac and arthritic symptoms caused by
Borrelia feri and predominantly transmitted in Eu-
rope by infected ticks, Lrodes ricinus, can be diagnosed by
the detection of antibodics to B. bumgdorferi and isolation
of the borreline, The therapy of Lyme borreliosis, especial-
ly in the late chronic stage seems to be problematic. Anti-
microbial therapy with penicillin G and tetracycline has
been rec ded. Various treatments especially with
penicillin G have been proposed and practiced but none of
them has been uniformly effective [1-6). The last time the
cephalosporing, cefotaxime and ceftriaxone have been
used with success. We report here about survival of B
burgdorferi In patients with Lyme borreliosis after therapy
with antibiotics,

Patlents and Methods

Patients: Clinical data of our patients are listed in Tablo 1
Serological reus. Antibodies to the 8 Burgdorfen in bloxsd anil
cerebrospinel Muld (CSF) were determined by indirect imemunn
flworescence test (IFT) as described previously 17} To avoul un
specific false positive reactions, the lest samples were ahsurbed
with Treponema phagedenis. Antibody titers 2 164 are regatided
& significamly elevated, titers of 1:32 as borderline
Bacleriological examinations: The samples of CSF and skin biop
sies were examined for 8. bumgdorferi by darkfield microscopy asd
by culture in MKP-medium as previously descrited |8). The cul
tures were Incubsted at 33 °C for $ weeks and cramined weekly
by darkficld microscopy and subcultures,

Results

Spirochetes were isolated from the culture of CSF and skin
biopsy specimens from six patients. The isolates showed
typical protein pattem of B. burgdorferi in SDS-page The
results conceming the relapse of the disease and rein-
fection with B. burgdorferi after penicillin G and tetracycline
therapy in.the first case are presented in Figuee 1,

Case 1: On July 7, 1985, a five-year-okd boy had erythema
migrans behind the left car that faded after theee days. A
lick bite had never been scen by the parents Beginning
July 25, he had fever of up to 39.4 °C, was more tired than
usually and had an erythema in the face, on bis upper back
and on the upper arms. On August 8 he was admitied 1o a
community hospital with a temperature of 37.9°C and
meningism. CSF analysis showed a lymphocytic pleacytons
(480 cellsful) and an increase in 1olal protein (86 mg/dl)
the electroencephalogram (EEG) was abnormal. Serum
18G and IgM antibody titers against B. bugdovferi were
1:64 and 1:128, respectively, Borrelia antibodies wete nol
detected in CSF; culture for B. burgdevfent isolation from
CSF was not done. The patient was treated with penicillin
V orally in a dose of 100,000 Urkg daily for 14 days O
September 2 the CSF contained 26 cellsul, the peeten
concentration was 40 mg/dl,

Beginning September 7, a paresis of the left facial nerve
appearcd that faded almost completely after two weeks, In
the CSF, cells increased 1o 285/ and protein concentra
tion to 111mg/dl. He then received doxycycline orally ina
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- IMR - Banawand Penicillin V

100,000 Likg - 14 days
2 my/kg day - 10 dap

L LMR-Rasawarh Penkillia G

20 millica Wdaily - 10 days
! LMR-RBasnwarth Ceftiriazone

2 pday - W0 daps
. Erythema migrans Penicillin vV

3 miltion Widaily - 12 dap
. Erythema migrany Penicillia O

10 million Wday - 10 dapn

Erthema migrans

Daryeycline
200 mg/day - 10 days

CSF

7 months al. a2 116 <?
CsF

3 moaths a.t. ) 1:64 <2
CSF

7.5 moaths at. nd

Skinblopey

3 months a.L 118 1:16

Skinbiopsy

2 months a.l, (B} <32

S

1 moath a1, <h:16 <l:1é

= afier tharapy, p.d. = not done.

¢ of 2mgkg/daily for 10 days. The CSF gradually be-
1o normal, but the EEG was abnormal during falling
ep. In April 1986, the bay had a relapse with tiredness,
ir, vomitiag, headache and meningism. A new tick bite
not been noted, erythema migrans was missing. The
" contained only 20 cellsiul und total protein was 35
A1 Antibody titers againat B. buspdorferi were In serum
32, 1gM 16 and in CSF IgG and IgM <2. EEG was
..

™ . e "o
v A\ ), 2RI
“o

again abnormal. B. burgdorferi was isolated from CSF after
4 weeks incubation in MKP-medium. The patient was now
treated with penecillin V orally in a dose of 200,000 Ukg
daily for 22 days. Afier that CSF protein, cells and eleciro-
encephalogram were normal, Culturessfor B, burgdorferi
Isolntion were not done after the second penicillin V trear-
ment. The IgG ond 1gM immunofluorescent assay per-
formed in August 1986 was negative in serum and CSF.
In 1988, the paticnt had & new attack. Two weeks after a
lick bite, he had an erythema migrans around the bite site
and a painful meningoradiculitis. CSF analysis shawed a
light lymphocytic pleocytosis (39 cellsiul). B. burgdorferi
antibody liters in serum and CSF were negative, Culture
for B. burgdorferi isolation from CSF was not done,

Case 2: A 49-year-old male presented an erythema mi.
grans on the malleolus, 3 days after an insect bite. Typical
clinical signs of LMR-Bannwarth syndrome with severe ra-
dicular pain and lymphocytic pleocytosis in CSF (144
cellsiul) and increase in total protein (68 mg/dl) began
about 7 weeks after the insect bite. EEG was normal. The
antibody titers agalnst B. burgdorfert in serum at this time
were positive (1gG 1:64, 1gM 1:256); antibodies were not
determined in CSF, Culture for B. burgdorferi isolation
from CSF was not done,

The patient was treated with penicillin G i.v. in a dose of
20 million U daily over 10 days,

L

Y investigation of CSF, 4 days afier therapy re-
vealed 66 cells/iul and 53 mg/dl protein. Serum IgG antibo-
dy titers against B. durgdorfeni were positive ( 1:128), the
18M titer was still elevated (1:64). Intrathecal 18G antibo-
dy production was demonstrated by significantly elevated
CSFiSerum Index (4.2). Culure for B burgdorferi from
CSF was not done, Neurological examination was normal,
the palient was free of complaints.

Three months Inter the effect of antibiotic therapy was

e 1: Porsistence of BorreNa and reintection al-  controlled and ncurological examination and CSF examin-
herapy wih penicifin V and telracycling ation for white blood cells and total protein were normal.
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Antibody titers against B. burgdorferi In serum were 1gG
1:32, 1gM 1:64 and in CSF negative (<1:2) The patient was
free of complaints. However, when CSF was cultivated in
MKP-medium, 8. burgdorferi could be isolated.

Case 3: A 26-year-old patient was admitted 10 our hospital
because of headache and intense radicular pain. The
radicular pain was most severe at night and located bilate-
rally in the region of the dermatoma S1 and C7. She re-
ported multiple bites by horseflies a few weeks prior to the
admission. Neurological e tion was completely nor-
mal. Lumbar puncture revealed & lymphocytic pleocytosis
with 451 cellsl. Both total protein (77 mg/dl) and the
CSF/serum albumin ratio (10.7) were elevated. Oligoclo-
nal IgG bands were not detected in the CSF. The disgno-
sis of Bannwarth's syndrome was made although anti-
bodies to B, bumgdorferi were not detected in serum or
CSF. She received ceftrinxone, 2 g/day L. for 10 days.
During antiblotic therapy, radicular pala and headache
Improved. Lumbar puncture for the determination of the
CSF ceftriaxone concentration was made on the 10th day
of therapy 3'/2 h after antibiotic Infusion. The CSF ceftria-
¥one concentration as measured by HPLC was 1.45 mg/.
At follow-up examination, 7.5 months after antibiotic ther-
apy, the patient reported recurrent eplsodes of radicular
pain, headache, arthralgias and fever, Neurological ex-
amination was normal. Antibodles to B, burgdorferi were
not detected. Repeated lumbar puncture revealed normal
values for cell counts (1 cellul), total protein (24 mg/dl)
and CSF/serum albumin ratio (1.9). Oligoclonal 1gG
bands were not detected. However, B, burgdorferi was iso-
lated from the CSF after 6 weeks incubation in MKP-me-
dium, Erythrocyte sedimentation rate (10/30) and leuco-
cyle counts (7,100/mm’) were normal; C reaclive protein,
rheumatoid factor and antinuclear antibodies were nega-
tive, The patient was treated with cefotaxime 3 % 2 g/day
Lv. for 14 days,

Case 4: Thls, 44-year-old man noticed an erythema mi-
grans of 2 months’ duration on the right thigh on June 1,
1988, He had no complaints. His 1gG and IgM antibody
titers against B, burgdorferi were 1:128 and < 1:16, respec-
tively; B. burgdorferi could be isolated from skin biopsy tak-
en from the border of the erythema migrans, Treatment
carrled out with phenoxymethyl-penicillin, 1 miltion U3
times daily for 12 days. Erythema migrans disappenred
within 2 wecks sfter the penicillin therapy, Three months
later the 1gG and IgM antibody titers agalnst B, burgdorferi
had normalized but B. burgdorferi was agaln isolated from
skin biopsy adjacent to the scar of the first biopsy. There
were no later manifestations in this otherwise healthy man
who could be observed for 7 moaths. He then received cel-
Irinxone. Three months after retreatment with ceftriaxone
{2 g dailyr21 days) a second control culture from a skin
biopsy performed adjacent of the first scars was negative.
Case 5: A 40-year-old man developed erythema migrans 24
days after a fick bite, which was slightly pruritic and locat-
cd on the right arm. Besides a mild iiching in the area of
the lesion, fatigue and headache, the patient was asympio-

matic, The patient received | x 10 millien U penicillin G
for 10 days starting S weeks after the tick bite. The eryvthe.
ma migrans faded about 12 days later. Serum 1gG and Ight
antibody titers against B, burgdorferi were negative, cul-
tures for borrelia isolation were not done. Suffering from
headache and fatigue 2 months after the disappearance of
erythema migrans and 4 months after the tick bite, the pa-
tient went 10 see a doctor. At that time low tites (1gG 1:32,
1gM < 1:32) antibodies to B, burpdorferi were delecied. At
our recommendalion a skin biopsy of the lick bite area,
showling no sign of erythema migrans, was taken The pres.
ence of B, burgdorferi, was demonstrated by culturing the
organisms in MKP-medium 2 months and 2 weeks after
the therapy.

Case 6: On October 20, 1987, a 60 year-old-woman
chimed 10 have had a slowly expanding asymptomatic skin
eruption for at least 6 months. There was no history of a
tick bite. She had been taking methylpredaisolone 4 mg
daily for asthma bronchiale for years. In September 1987,
she received doxycycline, 200 mg daily for 10 days from her
family physician because of a common cold. Physical ex-
amination on October 20, 1987, revealed an ernthema mi-
grans 32 by 20 cm around both groins. She experienced oc.
casional attacks of palpitations and dizziness, but had
been sulfering from angina pectoris for years. IgM and
18G antibody liters against B. burgdorferi were negative. #
burgdorferi could be isolated from skin biopsied from the
edge of the erythema migrans on October 20, 1987, ESR
and immunoglobulins were normal. The patient refuced 1
take another antibiotic.

Discusslon

It is well known that erythema migrans, the most charac-
teristic sign of Lyme borreliusis, tends to disappear with-
oul therapy. Nevertheless, antibiotic 1reatment with peni-
cillin or tetracycline has been recommended in order 1o
prevent subsequent clinical manifestations of Lyme borre.
liosis [1-6, 20].

Use of penicillin for treatment of Lyme borreliosis was
initiated in Europe on tie basis of empiric evidence. Ther-
apy today is founded on experiences and studics concern.
Ing the favorable effect of penicillin and tetracychine con-
ducted by Steere et al. and Weber [1-4),

However, some patients later developed symptoms of the
disease despile antibiotic treatment [9-11]. Because of
these observations it has become questionable if a definite
eradication of B. burgdorferi with antibiotics is possible. In
this context some results of our in vitro and in vivo studics
concerning the susceptibility of 8. burgdorferi 10 antibiotics
may be of interest {12, 13). Testing 20 strains of £. bumgdor-
Jeri the MICy, for penicillin G was found 1o be 4 mgA, The
corresponding result for telracycline was 0.5 mg) These
resulls confiem findings of other researchers [14, 15

To kill 50% of B. burgdorferi with 1.0 g of antimicrobials
we required 48 h using penicillin G and 6- 18 h using teira
cycline. These differences should be taken into considera-

Infection 17 (19%%) Ne 6 © MMV Medizin Verlag Gmdll Manchen, Minchea 1549 AT

|




V. Preac-Munslc et ol Lyme borreliosis - Persistence of Borrelin burgdorferi

~great importance, :
In our in vivo experiments with gerbils we could not pro-

duce an erythema using intradermal (1.d.) or subcutancous

(s.c.) inoculations. However, we were able to isolate B.
burgdorferi from the skin biopsy taken 4 cm from the in
tion site up 1o 8 months after the inf:
B, blirgdorféri can exist in animal tissue and organs
for one year and longer. B. burgdorferi could be isolated in
infected control animals not treated with any antibiotics as
well as in animals after treatment with p i
LI d :
infected anima

Is t

; . ~— e
Capinion o SO B

Cephalosporins n tter antiborrelial effect
than penicillin, The highest antiborrelial activity can be
seen in the cefotaxime group, the most effective sub-
slances were ceflotaxime and ceftrinxone.

According to the data of recent clinical studies the cepha-
losparins are more ¢fficient than penicillin G in late [16,
17), but not in early Lyme borreliosis [21). Dantwyler et al.
{17] and Pal et al. [11] reported that ceftriaxone and cefo-
taxime were effective in treating paticnts with meningoen-
cephalitis and late borreliosis who did not respond to peni-
cillin G therapy.

The CSF concentrations of penicillin G and cefolaxime in
our study cefotaxime versus penicillin G {18) demonsirate
that cefotaxime penetrates (o a greater extent than peni-
cillin G, The CSF levels are evidently above the MIC,, val-
ues which we determined for B. burgdorferi The concen-
teation of penicillin G did not reach the MICy, in any of
our patients,

Daia from controlled clinical studies are still scanty, clin-
ical experience is based mostly on a short observation
time. Furthermore, proof of a successful therapy is based
nol only on the disappearance of clinical symptoms but al-
50 on the elimination of 8. burgdorferi and proof is difficult
10 achieve.

Here we demonsirate the persistence of 8. burgdorferi in
CSF and skin after the therapy with the penicillin G, penicil-
lin V, tetracycline and celtriaxone. Surprisingly, the isola-
tion of B. burgdorfeni was possible from the CSF 3-8 months

G (320

P— —
tion in the therapy of the disease, These resulls show that
effective antibiotic therapy is not only dose dependent, the
length of treatment and kind of antimicrobials can be of

and erythema migrans, negative AB-titer against 8 burg-
doeferi and negative CSF examination suggest persistence
of B. burgdorferi rather than reinfection.
How often B. burgdorferi may persist in the CSF or skin aft-
er therapy or its effect in producing atypical manifesta-
tions of disease is not known. The isolation of B, burgdorfe
nl from CSF and skin biopsy in our patients after antibiotic
therapy with normal CSF-values and negative serological
tests for B. burgdorferi raises important considerations in
the treatment of Lyme borreliosis.
The current recommended penicillin Iherapeutic regimens
would not be expected to assure borreliacidal levels in the
CSF as shown by clinical data and our postireatment iso-
lation of B. burgdorferi.
Very interesting is the recurrent episode 7.5 months after
ceftriaxone therapy in case no, 3. The antiblotic concen-
tration on the 10* day of the therapy (2 g daily i.v./10 days)
3.5 h after infusion was 1.45 mg (MICy = 0.06 mg/). Re-
peated lumbar puncture 7.5 months afier therapy revealed
narmal cell counts, normal total protein and CSF/serum
albumin ratio and neurological examination, However, 8.
burgdorferi was isolated from CSF in culture, The reason
for the persistence of B. bugdorferi in patients afier the
treatment with antimicrobials is not completely under-
stood. A number of factors may be concerned i.¢. stage of
discase, virulence of B. burgdorferi, insufficient antibiotic
therapy, microbial persistence by reduced antibiotic sensi-
tivity and possibility of B. burgdorferi survival in tissue, es-
pecially in brain tissue and in certain types of cells,
‘The capacity of B. burgdorferi 10 hide in lissue {(heart mus-
cle, eyes, brain) and an insulficient tissue penetration of
antibiotics are critical for therapy. Clinical stage of the dis-
ease or where B burgdorferi may be present, in heart mus-
cle, eyes or brain, of if there is a uniform pattern, is still
unknown, ra
central nervous system invasion by spirochetes and a
persistence of Treponema pallidum after penicillin G ther-
apy is common in newrosyphilis 22, 23).
In view of the hitherto fallure of treatment, low CSF con-
“centration of penicillin G, survival of 8. burgdorfen in pa-
tients treated with antibiotics, the moderate penicilhn G
susceptibility of the organism and unprediclable progres.
sion of the disease, it seems sppropriate 10 treat patients
with substantially larger doses of antibiotics and/or longer

J than is provided in present treatment regimens, -

and from skin biopsy 3 months after the antibiotic therapy “ Early administration of antibiotics and a 3 10 4 week treal-

and disappearance of erythema migrans, Persistent borre-
lia infection of the CSF was demonstrated by us in 2 pa-
ticnt with Banawarth syndrome from the preantibiotic era
10 weeks after the tick bite [19]. In skin biopsy of a treated
patient with ACA B. burgdorfeni could be isolated 3 years
after therapy [20]. In untreated patients we demonstrated
the presence of 8. burgdorferi 7 months after the tick bite
and 4 months after disappearance of erythema migrans.

In all our treated patients a second — repeated tick - of
other insect bite had never been seen, an erythema mi-
grans was nol observed. The lack of repeated insect bite

107 35R

ment with 200 mg/daily of doxycycline or 2 g of amoxycillin
(stage 1),3 x 2 g/daily of cefotaxime or 1 x 2 g/daily of ce[-
triaxone (stages 2 and 3) could probably eliminate the risk of
relapse and progression of the discase. Penicillin G cannot
be recommended generally, however, if used 2 20 million
unitsdaily for several weeksare needed. Finally, the effect of
therapy ought to be controlled individually by antibody-titer
and B, burgdorferi cullure. As shown, negalive antibocdy-ti-
ters do not provide evidence for successful therapy; anti-
body-titers may become negalive despile persistence of
B. burgdorferi.
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K. Weber, V. Preac-Mursic, B. Wilske, R. Thurmayr, U. Neuben, C. Scherwitz

A Randomized Trial of Ceftriaxone versus Oral Penicillin for the Treatment
of Early European Lyme Borreliosis

domized investigation |1] and in other non-randomised
studies [2-5) 10 treat patients with early Lyme borreliosis
Oral penicillin has not been able 10 prevent conseculive
manifestations of the disease in all patients {I-7) or an
infection in an offspring [8]. However, the other aloremen

tioned antibiotics have nol definitely been proven to pet

form better than oral penicillin [1-4). Tetracyclines tend to
prevent “major late manifestations” betier [1] and terd to
lead to a faster reduction of 1gM antibody titers agsinst
Borrelia burgdorferi within a year [4). Provisionally, t2tra

cyclines have therefore been recommended as treatment of
first choice [1-4]). However, there are also examples of
treatment failure among patients treated with letracyclines
[9). Recent investigations in vitro and in animals have dem

onstrated that cefiriaxone belongs to the most proausing
antibiotics against B. burgdorferi [10-12). A study ia pa-
tients with late Lyme borreliosis demonsicated 2 beneficial
effect of ceftriaxone {13). We wanted to check whether of
not cefliriaxone is superior 10 oral penicillin in early Lyme
borreliosis.

Summary: In a prospective randomized multicenter
trisl for the therapy of erythema migrans, 40 patienis
received cefirinxone 1 g daily for 5 days and 33 patients
obtained phenoxymethylpenicillin, 1 million units 3
times daily, for 12 days, Follow-up was for a mean of
10 £ 5 months. Bight oral penicillin recipients (24%)
and six ceftriaxone recipients (15%) developed minor
consecutive manifestations, Two cefiriaxone and one
penicillin recipient(s) still had elevated IgG antibody
titers 10 to 20 months after therapy. Borrelia burgdorfe-
ri could be isolated from the erythema migrans in 29 out
of 56 patlents (52%) before therapy and in one oral
penicillin reciplent but none of 24 other petients after
therapy. Ceftriaxone was superior to oral penicillin in &
subgroup of patients with more than one symptom priot
{0 therapy (p < 0.01), but not in the overall evaluation of
clinical, serological and bacteriological outcome data.
Ceftrinxone ought to be preferred to oral penicillin in
patients with more severe early Lyme borreliosis.

Zusammenfassung, Ein randomisierter Vergleich iwi-
schen Ceftriaxon und oralem Penicillin tur Therapie
der frithen europdischen lyme-Borreliose. In einer
prospektiven, randomisierien Multizenter-Studie zur
Therapie des Erythema migrans wurden 40 Patienien
mit tiglich 1 g Ceftriaxon intramuskul¥r Uber Rinf Tage
und 33 Patienten mit tiglich 3 x | Mill. 1. E. Phenoxy-
methylpenicillin iber 12 Tage behandelt. Die Nachbe-
obachtung betrug durchschnittlich 10 £ 5 Monate. Acht
mit Penicillin (24%) und sechs mit Ceftriaxon behan-
delte Patienten (15%) entwickelten leichtere spitere
Manifestationen, Zwei mit Cefiriaxon und ein mit Peni-
cillin Behandehter wiesen erhdhte Ig0 Antikdeper-Titer
10 bis 20 Monnte nach Therapic auf. Borrelia burgdor-
feri konte bei 29 von 56 Patienten (52%) vor und bei
cinem Patienten der Penicillingruppe, aber bel keinem
Patienten der Cefiriaxongruppe nach Behandlung aus
dem Erythema migrans isolient werden. Ceftriaxon war
dem Oral-Penicillin bei einer Untergruppe von Patien-
ten mit mehr als elnem Symplom vor Therapie Bber- T
legen (p < 0,01), aber nicht bei der Gesamtauswertung Received: 9 Inmwary 1990/Accepled: 17 January 1991

klinischer, serologischer und bakteriologischer Erfolgs- Dy, med. X Weber. privale dermasnlog cai prachive Runeaviralic 6o 1 Kiuw

Patients and Methods

Patients: From July 1987 wntil December 1988, patients with
erythema migrans seen al the study centers were randomly as

signed to one of the treatment regimens Final evaluation of pa

lients was carried out in early 1989 Enyhoma migans was
defined as an expanding homogeneous o¢ naghke erythemant the
skin, with or withoul a history of & tsck bae in the center ol the
lesion | 14). &) patients were selected. Three patients refued 1o
sign the informed consent, one patient did mot comply and Tour
paticnts had 1o be excluded because of other, although related
diagnoses such as non-specific lick-bite reaction Gin oncl, borre
lial lymphocytoma (in twa) and initial sceoxbermantis chronsa
strophicans (in one).

Study centers: (name of the responsible physicrans andler the
number of patienis seen st each center in parenthesist epon

ments of Dermatology, Universily of Munsxh (D e (1 Now

berr; 11), University of Tebingen (Dr. med. € Scherwaiz 7)

University of Gdttingen (Dr. med § Quacdripar, 41, Universiy of
Dilsseldodd (Dr. med. §. Bottenhewch, D, med. J Klwos 2

2o i Pa. Munich 2;
d'lleﬂ. Cefriaxon solke dem oralen Pcﬂmﬂmg‘ bel Pa D1 rer. na, Vera Preac Muesic. D med. Bewina Wilibe. Dept ol Maro
tienten mit schwererer frither Lyme- liose vor- bictogy. Max voa Petsenkofer Institwte, Universiny of Manuh Feawabedon
gezogen werden, straBe 9a, DHOOO Munich 2.
Prof. Dr. med R Tharmayr, Dept of Medcal Epulreniolopy aed Stre v
Technical Universicy of Munich.
Introduction Dr.med. U Newherr Dept of Denmatolagy, Ll eisiis o Mana b T

; g ) Rotwirade, 1 BN Munich 2;
During the past few years, oral penicillin, letracycline, €ry-  prof Drmed € Sehenwars, Dept of Dermatodopy o et of Fg <
ihromycin and amoxicillin have been used in one ran- 1 2400 Tubsagen, FR Germany
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sersity of Minstet (Dr, med. / Warheide, 1), University of
sbueg (Dr, med. H. Hofmann; 1) and 1he privaie dermatologi-
offices of Dr. med, K. Weber, Munich, principal invesiigator
|, Dr. med. D.W. Falcke, Numberg (6}, Dr. med. W. Keilig,
nich 5], Dr, med. A. Grosser,  Alwiting 13). Dr. med. W.
vekorn, Gilching [3), Dr. med. C. Schmoeckel, Munich (2],
med. D Hassler, Kesichial {1).
demization: The stedy centers reccived blocks with the ran-
nly diswibuted two antibiotics and were requesied 1o strictly
owmcnnko(ocﬂcvofﬂnenndomimiouthedule.mm-
of assigned reatment regimens were stratified for each study
fer.
ibintic herapy: Afier informed L was [
cived either cefirisnone (Rocephin®, Hoffmana La Roche) | g
amuscularly daily on five days (Saturday or Sunday were
ywed 1o be skipped) or pbenoxy:mlhyipeukimu 1 million
18 3 times daily per os for 12 consecutive days. Patients on
Ticiltia were asked 1o {ill out compliance sheels.
alwatios of clinical data and Jollow-up: Patients were scen
w01 10 therapy and 3 weeks and 3 months afier initistion of
srapy. Skin lesion and regional lymph nodes were examined
4 ptiepis were req d 10 comp} jonnaires o these
sils, The questionnaire included a detailed list of associsted
mptoms; only symploms which could be attributed 1o Lyme
irreliosis were included, Twelve patients were cvalunted neuro-
gically {n = 5, including fembar puncture in 3), cardiologically
KG, 24-h-EKG, echocardiogramm, n = 5) of rheumalologically
#2) before or afer therapy. The study design required the
clusion of patients with complications such as established men-

Moo d natiend

cal Commitiee of the Medical Faculty of the University of Mu-
nich, Each study center signed the protocol
Definitions: Conseculive manifestations were defined as signs
and symptoms still present of newly occurmiag ) weeks afier
initistion of therapy and later; they were nol called late manifesta-
lions because the 1erm Iste is commonly associsted with signs and
symptoms of late Lyme borrehiosis such as acrodermuitis cheoni-
ca atrophicans. Definite tresment fatlure was defined as clear-cut
{inkcal of lab y evid \hat the scheduled antibiotic ther-
apy was not effective, meaning persisience of new develop
of major conseculive manifestations or minot ones (see references
1, 3, 4) in 50 far as the latter were prompely cured by retreatment,
persistence of B. burgdorferi or an at least fourfold rise and sub-
sequem persisience of the 130 antibody titer 2 1 256 for 2 6
months; possible treatment failure was assumed when clinical
symptoms persisied 23 minor consecutive manifestations (nol’
cured by retreatment if any) or if antibody titers persisied M 2 1
256 for 2 6momths or st 1 132101 128 for 2 12 months.
Staristical amalysis: Differences of quantitative data depicted in
Table 1 were analysed by the Mann-Whitney test and gualitative
dus shown in Tables 2 10 4 by Fisher's exact lesl. All p values
were two-talled.

Results

Out of our 73 patients with eryihema migrans, 31 (42%)
had a positive serological tesl, in 29 patients (40%) B. burg:
dorferi was isolsted from Ihe skin and 44 patients (60%)
were serologically and/or bactericlogically positive. Thus,
in 29 paticnts the diagnosis was based on clinical grounds

spontaneous clearing of his skin lesion prior 10 therapy; 8.
burgdorferi was isolated from normal appearing skin at the
site of the previous erythema migrans before but not thiee
months after therapy. Clearance of associated sympioms
and signs took place in the majority of paticnts within the
first three weeks after inMiation of therapy, usually within
the first week. None of our patients became seriously ill or
developed definite evidence of meningitis, carditis of other
more severe organ involvement.

Consecutive manifestations occurred in several patients.
Among eight oral penicillin recipients, five patients de-
veloped arthralgia for & median of 12 (range eight 1o 15)
weeks, two patients developed sensory disturbances for a
median of 38 [12-64) weeks. A few patients complained of
faligue, sleeplessness, headache and palpitations, respec-
tively, for 8 median of 12 [8~12] weeks. Four out of six
ceftriaxone reciplents experienced arthralgia for a median
of 20 {12-32) weeks and four cefiriaxone recipients (two of
them had slso arthralgin) developed dizziness, myalgis,
tachycardia, palpitations, sensory disturbances and facial

Table 1: Pretreatment and outcome characteristics {(n = 73).

K. Weber e a1 Therapy of Early | yme Borielsnn

palsy (one 10 three symploms in individual patienish for a
median of 15 [6-28) weeks, There was u statistically sigii-
ficant correlation between initial sevenity af disease as
mensured by the number of associated symptoms {sub

groups of 01 versus 2-6) prior 1o therapy and chmal
outcome (p < 0.01; Table 2). This was due to the influcice
of the group of oral penicillin recipients (p = 0.0G1). not ol
the ceftriaxone recipients (no difference). The duration ol
the erythema migrans prior 10 therapy had no wigaificant
effect on clinical oulcome.

Two cefliriaxone recipients experienced remarkable side el
fects; a 39-year-old man developed a feeling of heat in the
mouth, confusion, tachycardia and lowering of blood pres

sure within minutes after the first injection, so that he was
{hen treated with oral penicillin (with no adverse reactions)
and # 46-year-old man suffered from febrile enterocolitin
for several days, starting on the day following ibe last injec

tion.

Serological Outcome (see Tables 1 and 4 and Figures 1
and 2)

The median of the elevated IgM antibody tiers was 1: 64
and of the elevated IgG antibody titers L @ 128 (range 1: 12

oradiculitis or carditis. Some patients had more visits than i of a tick bite. ; Table 2: Correlation betwaen savenly ol indial disease and
:?wd«led. but a few skipped one of the follow-up visits. All but T:&m?sm&ﬂ:mm: ?;:l,::;ﬁmmd fatigue. Presrestment characserinics conseculiva manilestalions; comparison of two subgroups *
e patient were trewied on an outpaticnt basks. A final telephone Ly cp Cuihealgia, myalgia, palpitations, fever, dizzinest Sea: MIF (ratio) 1808 1822008)
uenkw-ﬂnfmdmm-w-wumwﬂm'ﬂ" inves L . nd Thérspeutio: - Symp- + - Consecutive manifestatioes  pvalee
gutor i all patients at the end of the study period, The data of and a few others In 34 patients (47%). There was a tren Asely) - “als 008 e+ o prcr o
se quesionnaires were checked af this interview and missing  (hat more cefiriaxone recipients compared to oral penkullnq Si26 of crythema migrans (cm) 1410 han R fporrss Mo Yoo
is1a were amended; conflicting data were clarified with the  recipients had more associated symptoms (p = 007 Druration of erythema migrans (weeks) S8 526
ihysicians of the study ceniers. None of the paticnis was Jost 10 Table 1). None of the patients was severcly ill or had es- Number of sscclaled sympioms 2 % 0-1 M 2
allow-up. The severity of initial dlscase was evalunied by count-  (ablished meningoradiculitis or carditis. The number of pa- Patients with associsted sympioms ey 21(58) °".:¢m ................................... <omi”
ng the number of associated symploms prior to therapy 85 d¢  (ients was uncqual among the 1wo therapeulic groups be- g:‘.a‘ , pe 26 | b
cribed previously (3], cause three patients, later excluded, received oral penicillin B‘:M '.:.’fm'"“’.".:: ((.:)l ": :; 0-1 " 4 scam
rerology: Priof 10 therapy, 3 weeks and 3 monihs afler therapy  ynd because some study centers treated an uneven number OIS, c AP U <o s "
ind If Indicated more often, an indirect i ‘ €1t of patients. Ovicome charmcteristics 14 10 1~
o determine 1gM and 1gG antibody titers against B. burgdorfert
vas perfarmed in the lsboratory o::‘;:l‘mc ] pt:vmﬂy d':" Clinical Ouicome mz::m;’ T xn1 1% n; +154 = o1 @ s

% - thoeo absorpt < Jhemtatmageencdante): 0.7 200 W 7 | pSEELes leausepsesvadusansusassapsssesddans s <nm’
f.'.':"r',fmz m‘xmmwy tiers of g |:64 were Jarisch: erxhelmer reaction, clearance of eglhc"r:ad mi- Resolution of erythema P p s 2-6 " ¥ :
considered a8 positive and those of 1 : 32 s borderline sccording BTANS and associated symploms and the number and dura: | migrans (doys) 100-150 100336 :
{0 3 cul-off value above the 98% ~ and the 95% - percentile,  tion of conseculive manifestations were not statistically sig- iR et o 4 . n = number of patiens; b p < DOI and c: p < 003 alpha-adpusscil
respectvely {16]. In this paper, thers of 1:32 were counted as nifmn;lry different ||;\|:¢ |:ob5mopc (T:gl'a 1|), ‘n:c“::d 3 (days) sccording 1o Bonferran.
significantly elevaled. roup of patients with 2 10 6, but not with (10 1 associa Consecutive manifestitions 4
Racterislogy: (non-mandatory procedure). In 56 patients, & biop- fymptoms prior 10 therapy had significantly Jess consecu- Number of patbents 8 6 m 3 N‘“:""‘ of patients with isolation of Borrela burgdar
sy from the border of the erythema migrans. 310 4 mm in size,  ive manifestations whea \rested with cefiriaxone compared Number of symptoms " 10 om tha erylhoma migrans.
was taken before and (adjecent 10 the scar of the first biopsy) 3 (o oral penicillin (p<0.01; Table 2). !m:‘wx;)“ s 1729 1618 — - -
months after therepy. This procedure was performed in bocal 88 e Jarisch.Herxheimer reaction consisted of fatigue or in- ey /1 mm y liers 2 ] - s Onl Hiin Cefiriaront
acuihesia after disiafection of the skin v'uuh‘to_‘l:l - tensification of fatigue in R patients, imensification of red: "-kme‘.lnom:lbodym e MY asee 4 (npositiveiniond)  (nposhiveM lotal)
remaved skin "':: 'Mr:"" ﬂ:m‘mrg&w o}m‘: ness and sometimes of subjective symptoms within the ery+ wher 7 mooths (n) 2 3 Previeaiment 12726 146%) VST
ll‘:‘::'m:l:r(v: s 'pnm‘:db;nl‘;.;e:c:iw 111, 18], The Mm& thema migrans in § paticats, fever andfor chills in 3 patients Postireatment 110 (10%) WIS I

There was 50 siatisticatly significant difference beiween boih iherapeutic

Kelly mediom used contained a somewhal lower content of neo- and headache in one patient. A groups. Numbers indicaie mean £ S unless saied cxberwise; v valoes of
,.:p':.m (3 g). ghicose (3 g), rabbit serum (5%) and 35% bovine  Complete disappearance of the erylhema migrans occurred S Satients developing wilkin 3 weeks afis intiation of therupy Incloded:
cerum albumin (5%) and omitied yeasiolme and agar, usually within a few weeks. A 50-year-old male cfﬂdnoﬂe b: value of 2 patients 3 and 9 weeks, cespeciively, afier witintion of
Approwal: The protocol fo this study was approved by the Eibi- recipient with a six month history of erythema migrans had theraqry incloded; ¢ medinn (rangel: n = pumber of patiests

The difference between hoth therapewtic groups was s shically sy
ficant. m positive = number af patienis wah posiing culture. n wiat
number of patients i whom 2 cultwe wat perfoamed, peacavae i
parenhesit
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4o 4. Numbet of patients with remarkable oulcome evenis.

ik,

Ry

sveculive maaifestions 8(24) 6015)
rsisient 150 astibody et (X3)] 2%
olation of Rarrelia burgdorferi 1"y 0

Wl ouscome (without side effects) 10(30) T
1jne side effects [} 2(5)
al 10430 9(23)

nusnber of palients; p ge in parenthesi a = coe patient had
vsient 150 eatibody Wier and developed consecutive manifesiations,

12512 for 1gM and 1gG antibody titers, highest value per
lient). A transient fourfold rise in 1gM antibody liters up
| - 64 after initiation of therapy occurred in five patients.
M and 1gG antibody titers persisied for more than four
d more than seven months, respectively, in several pa-
nts (Figures 1 and 2). Three patients had no serological
nirols.

wterinlogical Ontcome (Tables 3 and 4)

a1 of 25 posttreatment controls, B. burgdorferi could be
Slated from & 43-year-old male penicillin recipient thiee
onths after therapy although the erylhema migrans had
sappeared and the 1gG antibody tilers had decrensed from
128 1o 1: 32 within three monihs; three months after
Aremiment with cefiriaxone, a second control culiure from

© Perkotn reciplents

@ Catiaaons ncipsn

Y T T
' . o4

‘igura 1 Patianis with olevaled IgM antibody tter > 4
nonths ahter therapy. Patents a-d = no sequalae; ¢ » man,
age 28, with arhealgia; | = man, age 64, with musclo ten:
Jarnoss In aflected call starting 6 months aler thorapy.
sotlad lines: only a single lata serclogical control available.

1694

a skin biopsy was negative {there were no clinical signs and
symptoms before and after therapy)

Repeated Treaiment

Cefiriaxone Recipients: A 30-year-old woman had recur:
rence of erythema migrans and arthralgia eight weeks after
the first course of cefiriaxone; she then received | g cel-
(riaxone intrsmuscularly daily for ten days, but experienced
{acial palsy, dysesthesia and again arihralgia two weeks
after the second ceflriaxone treatment; six weeks later, she
recelved doxycycline 100 mg wice daily for eight days and
her symptoms cleared completely within a few days {fol-
low-up 17 months).

Oral Penicillin Recipients: Three patients treated with orat
penicillin obtained retreatment (1wo patients, see baclerio-
Jogical outcome and Figure 2). A ten-day course of doxy-
cycline 200 mg per day led 1o improvement of the arthral-
gia in a 58-year-old woman five months afier therapy.

Overall Evaluation

Table 4 summarizes all imponant outcome events repre
senting definite or possible ireatment failures.

Discusslon

This open randomized multicenter trial for the treatment of
early European Lyme borreliosis has failed to reveal a stal-
istically significant difference between oral penicillin and
cefiriaxone regarding an overall evaluation of oulcome
criteria. However, among a subgroup of patients with more
severe initial disease, ceftriaxone reduced the number of

T | I S u Y T T
| SR S U ST T

Fiqure 2: Patients with alavated 1gG antibody tWer > 7
months alter therapy. Palienls: a = woman, age 54, no
sequelae (same as patient a, Figure 1), arrow: retrealment
with telracyching; b = man, age 71, 3-month history of large
erylhema migrans, Mo soqualag; ¢ « woman, age 40,
4.month history of erythema migrans, slarted to develop
anhralgia 16 months altec Ihelapy. d = man, age 45, wilh
reinfechion, NO sequelas; 6 » man, age 83, no sequelae

Ifecion TR (12N Na 2 © MMV Madion Verdag Gt ] Musw lion, Mulichen 1100
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consecutive manifestations significantly compared to oral
penicillin. Consecutive manifestations are probably the
most imponant clinical criterion of response. All consecu-
live manifestations observed by us were minor ones accord-
ing 10 8 previous classification (1] and own experiences
{3, 4). To a certain degree, the findings of this study support
{he assumption that these minor consecutive manifestations
may represent definite or possible treatment failures. So far,
none of the antibiotics tested has been able 1o prevent con-
secutive manifesiations [1-5), Ceftriaxone as used in the
present study has performed similarly in this respect. Ac-
cordingly, one of our cefiriaxone recipients experienced,
even afier prolonged retreatment with the same antibiotic,
what appears to be a definite treatment failure since reireat-
ment with doxycycline led to rapid alleviation of all consec-
utive signs and symploms,

Certain parameters may have influenced the clinical out-
come in our patients, Comparably mild initial discase as
commonly found in Europe compared (0 the United States
(14, 19) and benefical effect of early antibiotic therapy may
have prevented consecutive manifestations in some of our
patients. A long-term follow-up would possibly uncover
more cases with consecutive manifestations as exemplified
by one of ovr ceftriaxone recipients who started to develop
arthralgia 16 months aficr therapy. In agreement with 1wo
previous reports (1, 3], there was & significant correlation
between the severity of Initial disease and clinical outcome
in our study. Thia in turn has increased the chance
1o find a relatively great number of patients with consecu-
tlve manifesiations in the subgroup of more severe initial
disease.

Persistence of elevated 1g0 and 1gM antibody titers as re-
ported in one of our previous studies (4] wis also noted in
some of our present patients. Clinical setup before treal-
ment, duration of antibody titer persistence and degree of
antibody titer elevation probably play a role in evaluating
such cases of presumed treatment failure. One of our oral
penicillin recipients (patient s, Figure 2) has had a more
than fourfold rise and subsequent persistence of the 1gG
antibody titer so that one must regard this case as definite
treatment failure. Possible t failures have been sus-
pected in the other two patients with persisiently elevaled
150 antibody titers (patients b and ¢, Figure 2), both of
whom received ceftriaxone for long-lasting erythema mi-
grans; one of these patients still had no decline and the
other one started to suffer from arthralgia ten and 16
months, respectively, after therapy, These cases show some
resemblance 1o one of our previously observed patients
with a persisting 185 antibody titer of | 1 64 (4] who later
wmed oul 10 have had meningoradiculitis (H.-W. Pfister
and X. Weber, unpublished observation). Two of our heee
patients with persistently elevated 1gM antibody titers (pa-
tients ¢ and f, Figuea 1) had a possible treaiment failure
hecause of minor ¢ tive manifestations, but a treat-
ment failure could not be assumed in the third patient be-
cause of normalization of the 1gM antibody titer after 18
months,
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[n this investigation, we have also tried to contral the suc:
cess of antibiotic treatment by isolating B hurgdorfere after
therapy. One of our oral penicillin recipients sull had &
positive isolate three months afier therapy and must there
fore be regarded as definite treatment (ailure although s
erythema migrans cleared. In animal studies in which woli
tion of B. burgdorferi was atlempted (10, 11]. cefirimone
performed much better than penicillin, We were therefore
not surprised about the positive postireatment culture in one
of our penicillin recipients. It was, however, somewhat un
expecied that only one single patient remained positive
Had oral penicillin been of no effect, the postireatment
isolation rate should have been about 50% instead of 105
which we have found now, provided other factors such as
spontaneous healing could be neglected, The siluation
among our cefllriaxone recipienis was even more clear-cut
since none out of 15 patients had a positive culture after
therapy.

We found it difficult 10 evaluate the necessity of refreal-
ment in some of our paticnts. The decision sometimes de
pends on rather subjective factors

If clinical, serological and bacieriological criteria of re-
gponse are taken together as shown in Table 4. there was
no statistically significant difference between the groups
The same statement can be made regarding Ihe occurience
of definite treatment failures; 1wo among oral penicillin
recipients (6%) can be compared wilh one among cefin
axone recipients (3%), The definite treatment failures un-
covered in two of our oral penicillin recipients demon-
strated the necessity 10 follow up patients with carly Lyme
borreliosis not only with regard to clinical outcome but alse
by means of appropriate laboratory controls.

We used a relatively short course of five celtinaxone njec:
tions for several reasons. First, animal studies have shown
that a five day regimen of daily i, m. injections is sufficics
10 exert a convincing therapeutic effect [10, 11]. Second. 3
single daily injection for five days is, although still maore
inconvenient than oral therapy, relatively easy to tolerate
Third, the cast of this regimen does not appear to be dispru-
portionately high. Fourth, so far there has been no proof of
the need 1o carry out long-term treatment in early Lyme
borreliosis. The regimen used tumed out 1o be effective i
the majority of our patients. We doubt that higher dosage
and longer regimen would have made a significant !
ference.

Our study has shown thal even a short-lerm course of cel
(riaxone is superior 1o oral penicillin in patients with more
severe early Lyme borreliosis and that evaluation of ihe
severity of initial disease can be based simply oa the nunv
ber of associated symptoms. This means that patients wiik
erythema migrans should be carefully checked for s
ated symptoms peior 1o therapy n arder 10 decide whether
of nat an appropriate antibiotic such as cefiriazone ought i
be recommended. Funhermore, we believe that patienis
wilh erythema migrans and complications like memngin
should primarily be treated for their compheations and
therefore be excluded from studies Tike pur present one
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Although oral penicillin is not definliely inferior to the
other oral antibiotics mentioned above, it has not been
proved so far that cefiriaxone performs better than these
antibiolics in patients with more severe early Lyme borre-
liosis,

Concluslon

Ceftriaxone should be preferred to oral penicillin In patients
with erythema migrans who have two or more associated
symptoms prior to therapy.
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TABLE |

Significantly Elevated Antibody Titers by Indirect Immunofluorescence Test in Patients
with EMD, ACA, and Spirochetal Lymphocytoma Compared (o Controls

Antibody THers Against [xodid Tick Spirochetes

'1e) M
Absorbed Absorbed
with with
T. T.
Number of Unabsorbed phagedenis Unabsorbed phagedenis
Dingnosi Patients (%) 256 () =64 () z64 (%) 264 (W)
EMD 42 (100) 737 11 (26) 19 (45) 14 (33)
ACA 9 (100} 9 (100) 9 (100) 6 (67 3 (36)
Lymphocytoma 4(100) 2 (50) 3(7%) 3(75) 1(25)
Healthy controls 40 (100) 12.9) 1(2.9) 1(2.9) 1(2.9)

*IgM fraction negative

He clearly separated his case from true lymphoma. The term lymphadenosis benigna
cutis was introduced by Bifverstedt in 1943 [22). Seven years later, Bianchi noticed
the beneficial effect of penicillin [23]. In 1957, Paschoud succeeded in transmitting
lymphocytoma from human to human ([24). Braun-Falco and Burg noted the
polyclonality of the lymphocytes within the lymphocytoma [25). Histological
[26,27), enzyme cytochemical [25,27], immunocytological [25,27-29] and ultrastruc-
tural [29,30] studies have provided more insight into our understanding of lym-
phocytoma and its differentiation from lymphoma in recent years, We recently
reported a serological evaluation of patients with lymphocytoma [20).

Lymphocytoma occurs most often as a solitary lesion but several grouped or even
more widespread lesions can somelimes be seen, Its size varies from a small nodule
to rather large plaques several centimeters in diameter, The red or violaceous lesions
have a firm consistency and are sometimes sensitive to touch (PLATE ). The
histological diagnosis of lymphocytoma is aided by the follicular arrangement [31).
Such a follicle consists of small lymphocytes and central larger cells some of which
represent centrocyles or centroblasts such as are found in true lymph nodes (27].
Unlike lymphoma, B and T lymphocytes are present in lymphocytoma [25,27-29].
Macrophages are present in follicular and non-follicular structures, and a few
plasma cells and eosinophils may also be seen [25-27,31]. Electron microscopic
studies have revealed the presence of various lymphoid and reticulum cells with
many cytoplasmic processes [Weber K: unpublished two cases, 1974; 29,30].

The clinical features and laboratory findings of what we now call spirochetal lym-
phocytoma are exemplified by the findings in our four patients. All had their lesions
on the ear; two-thirds of lymphocytomas are found on the head [9]. Our patients
had their lesions for a mean of nine (6-12) weeks. However, il untreated, the lesions
may last months and even years. Although our patients had regional lym-
phadenopathy, general symptoms were absent except for occasional headaches in
two. However, meningitis has been reported [32), and a six-year-old boy had six
erythema migrans lesions for four weeks. We observed elevations of alpha,
globulins in all four patients, beta globulin, in one, and IgM, in another patient (322
mg/dl). Serological examination of our patients revealed that they had a signifi-
cantly elevated titer of either 1gG or IgM antibodies against ixodid tick spirochetes
[20] (Table 1). Thus, spirochetal lymphocytoma may now be diagnosed serologically.

468 WEBER ET AL,
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This condition was first described by the German physician Alfred Buchwald 100
years ago [33]. In 1902, Herxheimer and Hartmann introduced the designation ACA
(34). Jessner described a patient with arthralgia and biopsy-proven laryngitis in 1921
and, three years later, together with Loewenstamm, mentioned 66 patients, nine of
whom had joint and bone involvement [35,36). Soon afterward, Ehrmann and
Falkenstein suggested an infectious etiology [37). In 1942, Kahle reported positive
pallida reactions in six out of seven patients; the pallida antigen used was a protein
fraction of Treponema phagedenis [38]. Two cases were successfully treated with
penicillin by Nanna Svartz in Sweden in 1946 [39). Three years later, Thyresson
reported on the successful therapy of 57 cases [40]. Tetracycline, chloramphenicol,
erythromycin, and streptomycin were also found to be effective [41-43). Griineberg,
referring to the report of Kahle, performed pallida reactions in 104 patients, almost
10 percent of whom gave positive results compared to 0,6 percent of the controls; he
suspected a group-specific reaction due to a special ACA spirochete [44]. In 1954,
Gotz reported on the successful transmission of ACA from human to human [45).
Walter Hauser introduced the concept of ACA as a generalized disease. He abserved
regional lymphadenopathy, reactive hyperplasia in the bone marrow, and elec-
trophoretic changes. Many of his patients gave a history of tick bite, and he found
the geographical distribution of ACA to be concordant with the distribution of fx-
odes ricinus. He was also impressed by the relationship among ACA, erythema
migrans, and lymphocytoma [46]. Several cases have been described with both ACA
and erythema migrans or erythema migrans-like lesions [43,45,46] and with ACA
and lymphocytoma [46]. In addition, in some patients ACA has been found to
follow erythema migrans [46,47], and lymphocytoma [48). Peripheral neuropathy
was established as a manifestation of ACA by Hopf in 1966 (cited in [49]). Cryo-
globulinemia and changes in the immunoelectrophoresis have been observed in some
patients [50-52]. Among the malignancies associated with ACA, monoclonal gam-
mopathy of Waldenstrom and lymphoma seem to be most remarkable [$3,54). Very
recently, we reported the serological findings in six patients [20].

ACA is a chronic disorder usually with characteristic skin lesions [9,55,56). In the
initial stage, the patient has violaceous discoloration and infiltration of the skin,
sometimes associated with marked swelling (PLATE 111); in the atrophic stage, the skin
becomes thin and shows loss of appendages (PLATE 1v). The lesions usually spread
from distal to proximal sites. In some instances, one finds periarticular fibrous
nodules and pseudosclerodermiform plaques or bands. Regional lymphadenopathy
is common [9,46]. Some patients have peripheral neuropathy [49]. There have been
several reports demonstrating joint and bone involvement [35,36,45,55). Some-
times, patients experience arthralgia before and together with the appearance of the
skin lesions; the joint involvement may lead to severe impairment of joint function
[36,57). Hovelborn believed that the same process which caused the skin involve-
ment also affected the joints [57).

Systemic symptoms are usually lacking, but three of our nine patients had symp-
toms such as fatigue, sensitivity to cold, cough, rhinorrhea, irritability, abdominal
pain, and epistaxis during the illness. While skin involvement was present, three of
the patients experienced palpitations, dizziness, chest pain and/or syncope (one
episode in one patient). Five of the patients had a history of tick bite, but in none did
the bite directly precede the appearance of the skin lesions. All patients had skin in-
volvement of the limbs and three of the face. Fibrous nodules were present in three,
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regional lymphadenopathy in four, neuropathy in two, arthralgia in one, and a
history of erythema migrans in one patient.

Five of nine patients had an clevated ESR (mean value: 31 mm/h); all patients had
changes of the protein clectrophoresis; four patients had elevation of IgG (1,710
mg/dl) and/or 1gM (329), one of 1gA (480), and one patient had rheumatoid factor
aclivity without joint complaints. IgG antibody titers against the I dammini
spirochete were more or less elevated, but specific 1gM titers were insignificant if
only the 198 fraction was used or if 1gG was first absorbed with an anti-[gG anti-
serum [20] (Table 1).

In summary, these observations indicate that a single or closely related spirochetes
cause a disease with many possible manifestations. The illness may present in its
carly forms as erythema migrans disease or spirochetal lymphocytoma or both and
may later go on to late erythema migrans disease or ACA. Thus, at least in some in-
stances, ACA is thought to be a late manifestation of erythema migrans discase
and/or spirochetal lymphocytoma. However, many patients with ACA seem to lack
a history of erythema migrans disease or spirochetal lymphocytoma.

THERAPY

We recommend penicillin or tetracycline in appropriate dosage for therapy of
European ixodid tick spirochetosis. Erythema migrans can recur after the injection
of small doses of penicillin, 300,000 to 600,000 U for two to five days [58,59]; the
later manifestations of EMD are not prevented by low doses of oral phenoxymethyl
penicillin, 400,000 to 600,000 U for eight to ten days (11,19], and ACA has de-
veloped despite injections of procaine penicillin, 300,000 U daily for two or three
days [59). High doses of oral phenoxymethy! penicillin, 1.5 million U three times a
day for eight to twelve days, did not prevent arthralgias, but, to date, severe mani-
festations have not developed in 12 patients with EMD followed prospectively since
May 1982 [Weber K: unpublished data). Intravenous penicillin G, 10 to 20 million U
daily for cight to 14 days, were found to be effective in a few EMD patients with
meningitis, meningopolyneuritis, and polyarthritis [11,19]). The favorable effect of
the tetracyclines, usually 500 mg three to four times a day for seven to ten days, has
been observed by many physicians, including ourselves.
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Latent Lyme
neuroborreliosis:
Presence of Borrelia
burgdorferi in the
cerebrospinal fluid
without concurrent
inflammatory signs

Artlels abstract—Borrelio burgdorferi, the etiologie agent of Lyma borrelicais,
was isolated from the CSF of & patient with elevated serum IgG antibody titers
against B burgdorferi and a history of multiple tick bites, The absence of con-
cutrent Inflammatory signs of CSF as well a3 intrathecsl antibody production
indicates a phase of latent Lyme neuroborrelioais in which no tissue infection or
reaction has yet occurred, Bilateral tinnitus was the only clinical symptom in this
patient. The parnistence of the bilateral tinnitua after antibiotic therapy did rot
support a causal relationship bet

NEUROLOGY 1989,09:1118-1120

n this symptom and the borrelial infection.

H-W. Pfister, MD; V. Preac-Mursic, MD; B, Wilske, MD; K-M. Einhilupl, MD; and K. Weinberger, MD

Lyme borreliosls is predominantly a tick-transmit-
ted disorder caused by the spirochete Borrelia
burgdorferi. The disease is characterized by various
clinical stages including dermatologic, neurologic, car-
diac, and rheumatologic manifestations.! Neurologic
abnormalities, such as Bannwarth's syndrome, men-
ingitia or mild meningoencephalitis, may develop sev-
eral weeks after a tick bite (stage 2).! Months to years
later, chronic neurclogic disease with progressive
encephalomyelitis may evolve (stage 3).2

The hallmatk of neurologically manifested Lyme
borreliosis is lymphocytic pleocytosis within the CSF.
Thus far, isolation of B burgdorferi from the CSF has
heen successful only in acute neurologic disease (stage
2) presenting with lymphocytic pleocytosis ‘¢

We report & case of latent neuroborrelioais that de-
veloped in a 17-year-old patient after multiple tick
biten. 8 burgdorferi was isolated from the CSF, which
was olherwise normal,

Case report. A 17-year-old boy had about 20 tick bites duting
the months of August through Decernber 1987 while jogging in
# forest. Thia previously healthy pathent was admitted (o the
ENT clinle on December 17, 1887, with bilateral tinnitus that
had developed aver 2 weeks, Audlography and examination of
veatibular function was normal. He was sent to our hospital
for & routine neurologic examination, which showed no abnor-
malities. Indirect lmmunofiuorescence test revealed elevated
serum IgG antibody titers (1:64) agalnat B durgdorferi, with
normal 1gM antibody titers (normal, =5 1:32, aftar absorplion
with Treponema phagedenis). The Treponema pallidum
hemagglutination test was negative, The CSF contained 1
white cell/ul and 21 mg/dl protein. Neither oligoclonal 1gG
bands in the CSF, as determined by isoelectric focusing, nor
intrathecal production of specific antibodies sgainst B burg-
dorferi could be demonstrated, The 1gG ELISA was per:
formed.! Optical denaity values were 1.09 in the 1:800 dibution
of serum and 1.19 in the 1:2 dilution of CSF. Calculations of
the CSF/serum index, which provides a marker for autoch:
thonous intrathecal specific antibody production, were per:
formed aa dencribed previounly * The CSF/aserum ratm for

wecific antibodies agalnat B burgdorferi (RBb) was 0.28%,
We used the CSF/serum index calculstion based on albumi
because the IgG concentration was below the detection level
The CSF/serum ratho for albumin (RAIb) was 0.21%, The
CSF/serum indet RBb/RAIb of 103 was within normal range,
indicating that the antibodies detected in the CSF by ELISA
were sarum-derived,

When CSF was Incubated in modified Kelly mediom,!
spirochetes could be ksolated after 4 woeka in the 4th sub-
culture 1). The spirochetes were analyzed by SDS-poly-
acrylamide gel electrophoreais and Weatern blot (figure 2).
The Weatarn blot was performed with two fic poly-
clonal antibodies anti OspA (PAB OspA/pKa) and anti pC
(PAB pC/pKo), and the OspA-specific monoclonal antibody
H 6332.° For the detection of a i domi
100-kDa range protein of B burgdorferi,* a monoclonal anti-
body LA 100 1D4 was used. Al tests were porformed with the

relapaing fever borrelia B hermaug, 2 B burgdorferi strains (s
European akin laolate and the American isolate steain B31),
and the CSF isolate of the patient described in this repart
‘Thisa major OspA component may be absent in European
isolates but European strains may express a major protein in
the 20-kDa range (pC). The protein pattern of the CSF isolote
is very sirailar to the B burgdorferi skin isolate representing
only a major pC. The monoclonal antibody H 6332 was not
reactive by Western blot with the 2 European Barrelia isolat

(results not ahown), as previously reported also on isolates
from other European patienta with typheal clinical manifesta-
tions of Lyme borreliosia.* B hermaii did not resct with PAR
OspA/pKo or PAB pC/pKo, whereas the 3 other borrelise
re positively with at least | of these antibodies. Positive
reactivity with at least 1 of these monospecific polyclonsl
antibodies has been used for identification of H 6332 negative
B burgdorferi atraine? In addition, positive reactions with
MAB LA 100 1D4 were also shown for both B burgdorfer:

ins and the CSF Isolate; in contrast, MAB LA 100 1D4 did
not react with B hermaii. This antibody MAB LA 100 104 was
also pegative with other relapaing fever borrellas (B dutrom), B
turicotoe, B parkeri) (Wilake ot al, unpublished data), These
results confirm that the CSF isolate Is B burgdorferi and not &
relapaing fever borrelia. The patient was treated with cefotax-
ime, 3 X 2 g per day intravenoualy over 5 days

Three months later (April 8, 1988) the patient reported
persistent bilataral tinnitus. Again, neurologic examination
was entirely pormal. Repeated lumbar puncture revealed 2
white cella/ul and 23 mg/dl protein without demonstration of
oligoclonal 1gG banda or intrathecal production of antibodies
againat B burgdorferi. CSF cultures were negative. Serum Ig(i
antibody titers against B burgdorferi ware atill elevated
(1:64), and IgM antibody titers weee normal.

DI fon. Isclation of B burgdorferi from the CSF of

Figure 1. Borrelia burgdorferi (strain PBo) isolated from the
CSF after incubation in modified Kelly medium (fuchsin
atain, X 1,200 before 63% reduction).

patients with neurologically manifested Lyme bor-
reliosis has been achieved in only a few cases. B burg-
dorferi has been isolated from the CSF only in acute

Figure 2 SDS-PAGE of
whole cell SDS-lysates
(Coomassie blue stain) and
Western blot using
maonospecific polycional
antibodies anti pC (PAB
pCipKo) and anti OspA
(PAB OpAfpKo) and
monoclonal annhidody LA
100 1D4. Flagella protein
pdl and major variable
proteins OspA and pC are
indicated. The analyses
show that the CSF inlate
of the patient 4 B
burgdorferi and not a
relapsing fever borrehia

1 = B hermsii.

2 = R burgdorfesi
European skin isolate

3 = B burgdorfen
American isclale strain
B3t 4 = CSF wuolate of
the patient

LA 100 104
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seurologic manifestations of Lyme borreliosis associ-
sted with lymphocytic pleocytosis. Tsolation of borrelia
from the CSF of a patient with Lyme meningo-
:ncephalitis® and of patients with Bannwarth's syn-
irome and Lyme meningitis have been reported **
Persistent borrelial infection of the CSF was demon-
strated in a patient with Bannwarth's syndrome from
the preantibiotic era, even though the patient's clinical
condition had improved.® Marked lymphoceytic
pleocytosis was still present in the CSF at the time of
the second borrelial isolation.

We report the isolation of B burgdorferi from the
CSF of a patient with otherwise normal CSF findings.
The history of multiple tick bitea and the demonstra-
Lion of elevated serum 1gG antibody titers againat B
burgdorferi prompted us to look for borrelial infection
of the CNS. Surprisingly, B burgdorferi could be iso-
lated from the CSF in the absence of any concurrent
inflammatory chunfo. We consider this clinical setting
1o be consistent with a “latent Lyme neuroborreliosia.”
Late neurologic manifestations resembling neuro-
-ﬁphilia may develop in Lyme borreliosis? These
chronic neurologic manifestations have been
with and without previous stage 2 neurologic disease.?
Latency periods of many years after the primary infec-
tion seem Lo be possible. We suppose that our patient
may havebeen at the beginning of this latency period, in
which no tissue infection or reaction had yet occurred.

Itis difficult to decide whether the patient’s bilateral
tinnitus may be attributed to borrelial infection. How-
ever, the persistence of tinnitus despite antiblotic ther-
apy argues against a causal relationship between the
tinnitus and the presence of B burgdorferi in the CSF,

In conclusion, we could demonstrate the presence of
B burgdorferi in the CSF of a patient with elovated
serum Ig0 antibody titers againat B burgdorferi and &
history of multiple tick bites. The absence of
pleocytosis, protein elevation, oligoclonal 1gG bands,
and specific antibody production within the CSF indi-
cates latent Lyme neuroborreliosis.
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Demonstration of Locally Synthesized Borrelia Antibodies
in Cerebrospinal Fluid

BRUNHILDE REHSE-KOPPER and RUDOLF ACKERMANN

Department of Virology, Neurology Clinic, University of Cologne, Federal Republic of Germany

Summary

Antibodies against Borrelia burgdorferi develop slowly, Low titees can be anamnestic. In ordet
to prove the etiology of manifestations of erythema ¢ ronicum migrans disease of the nervous
system like meningopolyneuritis Garin-Bujadoux-Bannwarth or progressive boreelia encephalo:
myelitis we used the ELISA to measure specific 1gG antibodies against Ixodes ricinus borrelia per
ug 1gG in serum and cerebrospinal fluid.

With the mentioned method we were able to demonstrate locally synthesized antibodies in the
cerebrospinal fluid, Until the 110* day of illness a diffecence between serum and CSF in favour of
the lacter as high as five binary dilution steps could be found. Latee on in time the difference
decreased to four dilution steps or less,

Introduction

It is difficult to establish the diagnosis of erythema chronicum migeans disease, if
clinical symptoms are not characteristic. Since borrelia infections occur with rather
high incidence and the course can be clinically latent, a positive antibody titer is no
evidence for the etiology of a recent disease.

There are the samé difficulties as in dermatology to diagnose the infections of the
nervous system, The common meningopolyneuritis {Gacin-Bujadoux-Bannwarth) can
show an atypical course, so that the other polyneuritis and chronic lymphocytic menin-
gitis have to be taken into consideration.

The newly observed long-term disease, progressive borrelia encephalomyelitis, dif-
fgrs in symptoms and course from the meningopolyncuritis to a lazge extent. Their
signs are even pointing to a multiple sclerosis or sarcoidosis of the nervous system. In
those cases it proved to be useful to determine antibodies in the cerebrospinal fluid in
o'tder to establish the diagnosis of a borrelia infection of the nervous system. Antibo-
dies synthesized locally in the nervous system refer to an infection of this system.

Material and Methods

We used 2 modified ELISA {2) to measure IgG antibodies against Ixades ricinus Dorreliain sera
and cerebrospinal fluids, For the antigen preparation Ixodes ricinius Borreliae, strain N 14,
ariginally isolated feom Jxodes ricinus ticks in the Fedeeal Republic of Germany, were prown in
madified Kelly's medium, The organisms weee harvested by centrifugation, washed se veral times
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and sonicated in ice water. After filtration this lysate was used as antigen for solid-phase coating.

The optimal antigen coneentration was determined by checkerboard titrations of rwolold
dilutions of antigen and of a known high-titered antiserum. The antigen was stored in aliquots at
-20°C. .

We coated the wells with antigen, 100 pliwell suspended in a coating bulfer, and stored the
plate covered at +4°C overnight, The next day we prepared binary dilutions of seta and cerebro-
spinal Nuids, using PBS/Tween, starting with the dilution 1 mg/100 ml {that means 1 pgfwell).
Total 1gG levels of the samples were deteernined by laser nephelometry (3, 4) The 95-wells
Microtiteation plates were washed three times with PBS/Tween, then we added 0.1 ml aliquots of
the diluted sera and cetebrospinal fluids to each well, After an incubation time of 45 min. at
37°C, the plates were washed three times again, then 0.1 ml of anti-human 1gG-2lkaline
Phosphatase conjugate, 1:500 diluted in a buffer, recommended by SIGMA, was appended. Aftet
4% min. incubation time we added SIGMA 104 phosphatase cubstrate tablets, diluted in ELISA
substrate buffer, containing magnesiumchloride and diethanolamin, After renewed incubation of
45 min. the reaction was stopped by the addition ol 0.05 ml of 3 N sodium hydroxide. The plates
were read immediately in a minimiceo-ELISA-reader (Fa. Dynatech) at 410 nm wave-length. The
endpoint titers of the patient's sera and spinal fluids were determined at optical density values that
were 2 standard deviations above those of chequed series of normal control sera and spinal Muids.

Results
1. Meningopolyneuritis {Carin-Buiadoux-Bannwarrh).

We investigated the borrelia antibody response of 109 sera and 95 cercbrospinal
fluids {CSF) of 33 patients during a time span from 4 days to 8 months. All the samples
gave positive results with the exception of one cerebrospinal fluid specimen, which
antil the 28™ day of disease was the only negative one besides 23 positive samples.

The examined sera had antibodys titers between 1 and 64 per 1 g 1gG, the ccrebro-
spinal fluids were between 4 and 512 per 1 pg 1gG. The first figure shows the serum:
and cerebrospinal fluid-titers of a $4-years-old patient ducing a period of 4 months.

Already at the beginning of the neurological disease we found elevated annbody
titers in the sera and spinal fluids. We observed a fourfold increase of titers in both
kinds of samples in 6 cases.

Figure 2 shows the avecage values of the scenme and spinal fluid-titers per g 1pG
and homogenous, but a diffecent high course of the titers.

The antibody titers in the CSF were 1=$ binary dilution steps higher than in the sera,
With the exception of 3 cases during the first 28 days of the disease, the cerchrospinal
fluids showed higher titers than the associated sera. Even between the 5™ and the g
month of illness 9 patients exhibited antibody titers in CSF 14 binary dilution steps
highet than in serum.

Figure 3 represents the average values of differences, expressed in binary dilution
steps, between serum- and cerebrospinal fluid-titers over a perind of 8 months.

1. Progressive Borrelia Encephalonyelitis

\We examined 42 paits of sera and CSF from 18 patients during a period from 9
months to 12 years. All the samples gave positive results,

The secum titers pee 1 g 1gG ranged from 1-256, the spinal Auid titers from 8512
At every point in time during the disease, we observed high titees in sera and eerebra
spinal Muids. In all cases the antibady titers of CSF were 1-6 hinaty dilution steps

higher than in secum.
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Figure 4 shows the titer per 1 pg 1gG of every first secum/CSF-pair. The average
difference of the binary dilution steps between serum and CSF was 23 over the course Figure 2.
of 8 years. The low titer of 2 samples of a patient, whose disease was diagnosed after a
delay of 12 years, was probably due to the Amoxycillin therapy two years ago. In our
small collective it is impossible to decide whether the antibody response is influenced 52

by antibiotic therapy. :
258 cer

Discussion m

&

Because of the impermeability of the blood/CSF barrier locally synthesized antibo-
dies in the nervous system can be demonstrated in the CSF, indicating activity of the a2
corresponding antigen. Those antibodies can be easily demonstrated by comparing & s oA
antibody titrations of aliquots of serum and CSF IgG. B % e S ’

As expected all patients with the exception of 3 in the early stage of the disease with H R e AN
meningopolyneuritis {(Garin-Bujadoux-Bannwarth) showed autochthonous borrelia sensy
antibodies in the CSF as did all patients with progressive borrelia encephalomyelitis. By 4
this procedure the etiology of uncertain borrelia infections of the nervous system can be
proven (1, 5). ?
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